Sustainable management of Central Victorian mineral waters by Shugg, A
 
i 
 
Sustainable Management of Central Victorian Mineral Waters 
 
Andrew Shugg 
 
Doctorate of Philosophy 
 
Environmental Engineering 
 
2004 
 
This Thesis is submitted in fulfilment of the requirements for the Doctor of Philosophy 
 
RMIT University 
 
 
 
 
 
 
 
 
 
 
 
 
ii 
 
Declaration 
 
I certify that except where due acknowledgment has been made, the work is that of the author alone; 
the work has not been submitted previously, in whole or in part, to qualify for any other academic 
award; the content of the thesis is the result of work which has been carried out since the official 
commencement date of the approved research program; and, any editorial work, paid or unpaid by a 
third party is acknowledged. 
 
 
 
 
 
 
 
Andrew James Shugg 
December 4th 2004 
 
 
 
iii 
 
Sustainable Management of Central Victorian Mineral Waters 
 
Preface 
 
My membership of the Victorian Mineral Water Committee and its predecessor the Mineral Springs 
Advisory Committee have provided me with privileged access to information on the mineral springs 
and the governance processes associated with the management of the resource.  This has greatly 
assisted in the preparation of this thesis.  Details of the activities associated with the VMWC including 
the works carried out on spring restoration, monitoring and provision of clean mineral water have been 
incorporated and discussed in the Appendices and in the accompanying Technical Documents that form 
an updated mineral spring inventory.   
 
My work on the springs has coincided with a rejuvenated period of drilling, landscaping and restoration 
activities of the last six years that represents the first systematic hydrogeological field activity since the 
1970’s and at many springs the first methodical restoration works for nearly 70 years.   
 
The Appendices and Technical Notes therefore provide a voluminous resource and contain empirical 
or a posteriori presentation of a considerable amount of new data.  Summaries of history, management, 
geology, and chemistry are presented for each mineral springs in the Technical Notes.  Records on the 
small springs of the forest may be brief, 2-5 pages, while major springs such as Hepburn Springs are 
the subject of lengthy discourse spanning 220 pages.  Reports presented to the Mineral Water 
Committees and Government by the author that reside in the public domain are presented in digital 
form on the accompanying CD’s.   
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Abstract 
 
Central Victoria contains more than 100 carbonated mineral water springs, many were discovered when 
uncovered by alluvial gold mining activities of the 1850’s.  The mineral springs are located at distances of 
2 to 45 km from the crest of the Great Dividing Range, and are situated at elevations from 700 down to 200 
m above sea level.  The discharge from individual springs is small, and usually falls in the range 0.01-0.4 
L/s (0.3-13 ML/annum).  The mineral spring waters are cold ranging from around 10o C at the higher 
elevations to 17o C at the springs occurring at lower elevations.   
 
The carbonated mineral waters are a facies of the more widely distributed high bicarbonate alkalinity 
groundwater in the deep circulation systems of Central Victoria.  The carbonated mineral waters are mildly 
acidic (pH 5.7 - 6.3), oxidic (Eh +50 to +100 mv), have low chloride (median 60 mg/L), high bicarbonate 
(median 1500 mg/L) and low sulphate (median 18 mg/L) concentrations.  The water becomes slightly 
effervescent on discharge from the springs, and may be vigorously gassy when escaping from bores in the 
ascension zone.  The characteristics of the mineral water chemistry may be explained by clay reactions – 
proton exchange, carbonate dissolution and base exchange.  In the ascension zone heterogeneous 
thermodynamics, including the dissociation characteristics of a diprotic acid, acidity regulation by non 
carbonate equilibria, in particular by iron chemistry results in effervescence as pressure, degassing, acidity 
change and electro neutrality determine the water chemistry.  Local characterisation of the mineral waters 
arises from a superimposition of flux and mixing relationships encountered in discharge or ascension zones 
on regional trends.   
 
In Central Victoria the bedrock aquifer consists of interbedded lithic and arkosic grits, sandstones and 
graphitic shales.  The most common occurrence is in rocks of Lower Ordovician age, but mineral waters 
also occur in Cambrian, Upper Silurian and Lower Devonian strata.  The rocks have been subjected to 
variable but low grade regional metamorphism.  Sandstone and grit units may retain some primary porosity, 
and thin intersections of unconsolidated sediment occur in bore holes. Narrow bands of saccharoidal marble 
and cone-in-cone limestone are present, but carbonates are a minor constituent of the rock mass (0.5% - 
2%) and associated diagenetic ankerite.  Organic carbon may exceed 5% in the black graphitic shales.  
Deep weathering profiles are developed on these rocks with elution of carbonates and kaolinisation silicate 
minerals.  The rocks are folded asymmetrically and cut by strongly developed concordant meridional 
bearing thrust faults.  The linear character of the rock mass failure produces anisotropy and heterogeneity.  
Deep fissure flow systems emanating from the Great Dividing Range follow litho structural corridors for 
distances of more than 40 km and groundwater has been observed in the bedrock mines of Central Victoria at 
depths of more than 1.6 km. 
 
The sustainable management of the mineral water resource involves the maintenance of yield, water quality 
and public equity.  Sustaining Public Equity was initiated in 1865 by the formal establishment of mineral 
spring reserves.  Reserves were proclaimed to preserve the springs from “the ravages of mining, and for 
public recreation and amusement”.  At Hepburn the first Pavilion was erected in 1869; a bottling plant in 
1880 and a bath house was built in 1890.  The region is the centre of balneology and hydrotherapy in 
Victoria and provides a 150 year history of development, conflict and sustainable resource management 
resolution.  The spring reserves and surrounding buffer areas in the planning schemes offer protection for the 
discharge zones, but there is increasing tendency to commercialise and encroach on the reserves and allocate 
the mineral water for commercial or semi commercial development.  Past evidence illustrates that 
management of the water quality, its salinity and gas content, is equally difficult as the maintenance of the 
flow of the springs and the continuation of public equity. Long term sustainable management is an evolving 
process that recognises past failures and crises.  It shares the failure profile exhibited in many examples of 
overseas development of mineral and thermal waters.  Legal Principles and endeavours outside the 
jurisdiction of the water and environment protection sectors are pre-eminent in the decision making 
processes.  Nevertheless, the existing regulatory processes do have the potential to protect the resource.   
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Sustainable Management of Central Victorian Mineral Waters 
 
Mineral Waters of Central Victoria - De Aquis Mineralibus 
 
Summary 
 
The low highlands of Central Victoria contain around 100 carbonated mineral water springs.  
Interestingly, many people still regard these waters as mysterious.  Often the springs have been 
regarded as geological singularities or curiosities.  Existing management systems for the mineral 
waters have failed to recognise the physical realities of chemical evolution and the occurrence of 
the waters in contiguous flow systems in the great fissures of the Central Victorian Gold-fields.  In 
simple terms, regulation has failed to recognise the implication of the thermodynamics and 
hydrodynamics of these waters. 
 
Classifications of subterranean waters are numerous.  In Victoria, defining mineral water is 
important for allocation, licensing, regulation and collection of a special Surcharge.  The Victorian 
definition possesses implicit circularity and is an application of “It comes from a mineral spring, 
therefore it is mineral water.”  For a water to satisfy the statutory definition it must have a 
“distinctive taste” OR be effervescent.  To resolve the uncertainty a classification is suggested to 
define Victorian carbonated mineral waters.  This involves the formal recognition of the source and 
some of the determining chemical characteristics of the carbonated mineral waters.  Source 
recognition follows European and Asian practice.  
 
Interest in the mineral waters of Victoria has waxed and waned from popularity peaks in the early 
colonial days.  The springs and mineral water provided aerated cordials for Melbourne and then 
bath houses and pavilions, special mineral spring reserves were proclaimed to protect the springs 
and maintain public equity and access to the mineral waters.  The present interest in Victorian 
mineral waters and springs relies on the co-development of a mineral water based tourism and 
hydrotherapy life style. 
 
1. Introduction  
 
The Daylesford Region of Central Victorian contains around 100 carbonated mineral water springs 
(Figure 1).  The mineral springs are situated between 3 to 45 km from the recharge areas along the 
hummocky hills at the crest of the Great Dividing Range.  Springs are situated at elevations of 200 to 
700 m above sea level.  The mineral spring waters are cold with temperatures ranging from around 
10o C at the higher elevations to 16o C. 
 
The subject of this study is the sustainable management of the mineral waters.  The evolution of an 
argument for the sustainability requires an empirical understanding of the physical, chemical, 
historical, demographic and social setting of the springs.  In this process it is imperative to identify 
and quantify the causal relationships that determine the special water chemistry and the continuity 
and dimensions of the flow systems.  
 
Sustainable management of the mineral waters also requires the clear definition of the waters as 
much as the maintenance of taste and cleanliness.  Sustainable use of the waters needs to appreciate 
and integrate the physical and chemical nature of the water systems in conjunction with the socio-
economic restraints of legislative and administrative based management systems. 
 
An exclusive definition of the Central Victorian mineral waters has not yet evolved.  The waters 
are loosely defined in State Legislation and the application of a Surcharge collected from 
commercial extractions.  Many aspects of the current management regime are derived from the 
State Development Committee held in 1969.  The SDC focused on sustainable management 
concepts relating to the protection of the resource, maintaining clean water, maintenance of flow 
and the protection of public equity.  The SDC recommended that a proportion of the profits of 
commercial exploitation should be reinvested in the broader protection, development and 
promotion of the Central Victorian carbonated mineral water resource. 
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Figure 1. Location of the Daylesford mineral springs region in Central Victoria. 
 
1.1 Resurgence of Interest in Central Victorian Mineral Water 
 
In the early Victorian colonial period after 1850, a surge in interest in the mineral waters reflected 
the desire of the colonialists to find and posses their “own” mineral waters.  This was highlighted 
by the comments of the State Chemist, Dr Maund (1855), and later the Secretary of the Mines 
Department Mr. Langtree (1889).  This was a period when aerated cordials and soda or Seltzer 
waters were a luxury.  The early enterprise of bottling the waters from Clifton Springs illustrates 
the extreme desire to produce a local product.  The Clifton Springs mineral waters were bottled in 
modest volumes in the 1870's, they were a high salinity, but naturally carbonated water. The Mines 
Department Government Analyst Mr Johnson (1870) reported on the Clifton Spring water comparing 
it more than favourably with imported waters: 
 
"...no doubt when these really valuable waters become known they will 
completely replace the imported article ..." 
 
The mineral water systems are complex and the knowledge of their dynamics gradually developed 
during the 1850’s and 1860’s (Maund 1855, Newbery 1867).  Deep bedrock mining on the Gold-
field of Central Victoria provided a detailed understanding of the fissure systems and some 
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empirical evidence of the extent of the “great” fissure systems1 (Krause 1878, Amos 1889a, 1890, 
Ferguson 1906, Whitelaw and Baragwanath 1914, 1923).  
 
These saline2 waters were soon displaced by small bottling enterprises in the Central Highlands 
centred near Daylesford and Hepburn.  The mineral spring waters were claimed to have medicinal 
virtues, especially for thematic3 complaints.  Health and lifestyle soon attracted the public to the 
Central Victorian mineral springs and spa waters.  Periods of interest were paralleled by the drilling 
of new bores in the late 1920's before the Great Depression.  During the depression of the 1930's 
many of the spring reserves were under threat with prospector groups lobbying for access for 
fossicking, alluvial mining and sluicing in the reserves.  A minor resurgence followed the Second 
World War with old residents and new immigrants again finding the waters and the delights of the 
Central Highlands.  A period of quiescence followed until the mid 1960's when interest again rose 
with the bottling of Hepburn Spa, Boon Spa and Deep Springs mineral waters.  The State 
Development Committee (1969), reviewed the Spa resource and then in the mid 1970's the 
Geological Survey conducted detailed investigations in some of the spring reserves.  For many 
decades, the spring and mineral waters had been a forgotten resource.  Substantial resurgence of 
interest again occurred in the late 1980’s, and this is attributed to the worldwide phenomena of 
drinking bottled water.  The proximity to the rapidly expanding urban centre of Melbourne has seen 
an escalation of urban development and the Bath House in the Hepburn Mineral Spring Reserve 
has been refurbished and upgraded in 1986, 1992 and is now (2004) due for further upgrading. 
 
1.1.1 The 1914 Failure 
 
The Central Victorian mineral water systems are complex and the knowledge of their dynamics has 
gradually developed from the 1850’s and 1860’s (Maund 1855, Newbery 1867).  Deep bedrock 
mining provided a detailed understanding of the hydraulics and flow in the fissure systems (Krause, 
1878; Amos, 1889a, 1890; Ferguson, 1906; Dunn, et al., 1912; Whitelaw and Baragwanath, 1914, 
1923 and Kenny, 1933a).  The search for wealth in the deep mining enterprises produced conflict 
with the mineral water users.  This occurred when the springs failed.  The hydraulic stress on the 
aquifers of the bedrock assisted in the elucidation of the workings of groundwater in the deep 
circulation of water in the fractured bedrock aquifers of Central Victoria. 
 
The carbonated mineral waters of Central Victoria are special waters that have a history involving 
changes in chemistry, conflict and catastrophic resource depletion.  A major failure occurred in the 
centre of the “Spa District” at Hepburn when competition developed between the bathhouse and 
commercial bottling plant when distant mines dewatered and extinguishing the flow of the springs.  
This 1910 – 1914 event initiated by the deep reef mines dewatering the springs led to substantial 
agitation by the Community and Tourism interests.  Local Government and the community 
opposed the continuing operation of the mines, however the State Government was reticent to force 
mine closures. 
 
1.1.2 Public Inquiry 
 
After nearly 100 years of trouble and conflict, resurgence of local interest was manifest in the 
inquiry into the Mineral Spa Water Resources of Victoria conducted by the State Development 
Committee (1969, 1970).  The SDC recommended initiatives for the orderly development and 
management of the resource.  Afterwards, short periods of activity by the Geological Survey, the 
Department of Sustainability and Environment and the Mineral Springs Committees now provide a 
1  Ferguson (1906) first used the term “great fissures” when describing the faults and reefs of the 
Blackwood – Trentham Gold-field. 
2  Details of the Clifton Springs mineral waters are included in the Technical Notes on these springs.  The 
mineral waters have a salinity of 6000 - 10000 mg/L total dissolved salts. 
3  “Thematic complaints”: the use of this term is now uncertain, and is poorly identified, but is considered 
to relate to the balneomythology of the waters. 
basis for a rational and regulated approach to the resource management based on investigation, 
monitoring and review.  Thirty years later, the Water Authority continues to make allocations based 
on the prior appropriation principle.  The limited capacity of the mineral waters systems has often 
led to water quality failure and then closure of commercial extraction sites (Figure 3).  Failures of 
the past have not been recognised by responsible authorities that are forced to operate under an 
inappropriate and outmoded licensing framework. 
 
 
 
Figure 2. Halcyon days at Locarno Spring at Hepburn Victoria with the bottling plant 
above Pavilion Spring in the background (circa 1930, State Library 
Collection). 
 
Preliminary estimates of the dimensions of the resource were suggested in the transcripts of the 
submissions to the State Development Committee Inquiry into Mineral Spa Water Resources of 
Victoria (1969).  This has been followed by a succession of attempts to quantify the size of the 
resource by Szabo (1976), with refinements being made by Laing (1977) and Shugg and Knight 
(1994).  The current assessment includes the results of the analysis of the base flow contributions 
recognised in the discharge zone of the Hepburn Mineral Spring Reserve.    
 
Investigations conducted by the Geological Survey (Rulikowska 1961, 1969, Thompson 1963, 
Lawrence 1969, Szabo 1976 and Laing 1977) and dewatering of the mines south of the Hepburn 
Reserves (Dunn et al., 1912, Skeats 1914) and the review by Shugg (1996) provide a nucleus for 
understanding the flow systems.  Integration of this information provides an insight that may be 
used in the management of the mineral waters of the region, and is the basis of the regulatory 
management guidelines proposed by SKM (2004). 
 
1.1.3 New Challenges 
 
New challenges for the conservation and sustainable development of the mineral water resource 
now must address recharge protection, public equity rights, allocation models and conflicting land 
use practices in the urban, mining, rural and forested portions of the spring catchments.  A rational 
and sustainable management model in addition to an allocation system involving public equity and 
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licenses must take into consideration the complexity of mineral water flow systems and the volatile 
chemistry, hitherto aspects largely ignored in mineral water management.  The discussion of the 
carbonated mineral water systems of Central Victoria commences with the clarification of the 
definition, terminology and occurrence of mineral waters and springs. 
 
1.2 Occurrence of Mineral Waters and Carbonated Mineral Waters 
 
Mineralised and thermal groundwaters are widely distributed through the earth’s interior.  In a 
global water balance, about 97% of the water is mineralised or saline water (Rosler and Lange, 
1972).  Mineralised waters are contained in the formations of sedimentary basins, in all the artesian 
basins and in fissured zones in crystalline and metamorphic rocks (Zötl, 1995, Albu et al. 1997).  
They are characterised by varied gaseous and ionic composition.  Mineralisation exists to 
concentrations of up to 650,000 mg/L total dissolved salts (Dowgiallo, 1978) and great variation in 
temperature and concentration of minor elements accompanies mineralised waters.  Carbonated 
mineral waters though unusual occur very widely throughout the world in a number of different 
geological settings.  These waters occur in great and extensive groundwater systems as well as in 
small and local systems.  In Central Victoria they are characterised by salinities of less than 10,000 
mg/L, low chlorinity, high bicarbonate alkalinity, low sulphate, high iron content and an acidic pH 
of 6.3 close to the H2CO3* ≈ HCO3- equilibria. 
 
Vast occurrences of carbonated mineralised waters are associated with the mountainous areas of 
Central and Northern Europe (Dowgiallo, 1978; Zötl, 1995), in the Pyrenese of southern Europe 
and the Alpine and mountain regions of the: Caucuses, Carpathians, Kamchatka, Sayany, Pamirs, 
Tian Shan, Trans – Baikalian, and in Eastern Mongolia (Albu et al., 1997).  In the Carpathian Basin 
in the Matra and Tokaj mountains carbon dioxide rich waters exist in a sandstone shale sequence 
(Dowgiallo, 1978) and have a chemical similarity to the Central Victorian waters, including high 
iron and low sulphate and chloride.  In Far Eastern Asia, these waters have been recorded in the 
mountain regions of Yunnan province of southern China and in the neighbouring provinces of 
North Vietnam4.  On the Pacific rim, non carbonated mineralised geothermal waters exist in Japan 
and on the North Island of New Zealand (Jackson, 2003) and are associated with shallow 
volcanism.  By contrast tepid to warm (30 – 57oC) springs exist in the outlet valley floors of the 
southern alps associated with the Great Alpine faults system from Fox Glacier to Hanmer Springs.  
In North America, carbonated mineral waters occur in the foothills of the Adirondack Mountains at 
Saratoga.  In the Appalachian and Ouachita Mountains, mineral springs occur in Virginia, West 
Virginia, Kentucky, Tennessee, and Arkansas, others occur in California and Colorado (Davis and 
Davis, 1997). 
 
In Australia, thermal (Figure 4) and carbonated mineral waters are widely associated with the Great 
Artesian Basin (Habermehl, 1983), and carbonated waters are noted at Helidon in the south east of 
Queensland.  In Western Central New South Wales carbonated waters occur at Ballimore in Lower 
Palaeozoic fissured rocks (Schofield and Jankowski, 1998) and mineral waters are also found in 
North West Tasmania (Mathews, 1984).  In Victoria, cold carbonated mineral waters are found 
associated with the low hills of the Great Dividing Range of the Central Highlands (Maund 1855, 
Newbery 1867, Lawrence, 1969, Laing 1977, Shugg and Knight 1994)5.  High alkalinity sodium 
bicarbonate waters that are sometimes carbonated have been found in deep stratigraphic bores and 
oil exploration wells in the Otway Basin (Johns 1968, 1971, Blake 1980, 1989, Shugg 1996b and 
Stanley 1998 pers comm.).  These waters also occur in the Werribee Formation onlap on the 
Bellarine Peninsula, in the Coal Measures of the Torquay Embayment, and also in the Eastern 
View Coal Measures of the Bass Basin (Ozimic, 1985).  General associations occur with the carbon 
4  Nuoc Khoang Vinh Hao - Thuan Hai 
5  A description of other workers contributions is listed in the Appendix 02.02  “Previous Investigations”. 
dioxide gas that is present as “Non - Petroleum6” gas accumulations in the Cretaceous to Eocene 
sediments of the coastal margin sedimentary basins, including the Latrobe Group of the Gippsland 
Basin.   
 
 
 
Figure 3. Mineral water storage tanks at the now defunct Muir’s bottling site 
Daylesford (2001). 
 
 
Figure 4. Great Artesian Basin thermal mineralised water Spa development at Pilliga, 
New South Wales. 
 
                                                     
6  Carbon dioxide, nitrogen are common non hydrocarbon gases in the aquifer systems of the sedimentary 
basins.  Accumulations are often found in stratigraphic traps, and the carbon dioxide content of the gases 
falls within a wide range < 1.0 to 98 %. 
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1.3 Classification of Subterranean Waters 
 
Mineral waters have played an important role in the development of geochemistry of waters (Back 
et al. 1995, Davis and Davis, 1995).  By the late 1700’s mineral waters began to change the 
development of the civilised world by stimulating interest in the science of chemistry (Back et al. 
1995): 
“The pioneers of chemistry such as Priestley, Cavendish, Lavoisier, and Henry 
were working to identify and generate gases, in part, to determine their role in 
carbonated beverages”.   
 
In Victoria, the early chemists of the Geological Survey (1854 onwards) and the Mines Department 
(Government) Chemists – Analysts Dr. Maund, Cosmo Newbery and Fredrick Dunn initiated the 
examination of the bedrock aquifer waters of Central Victoria.  The investigations were focused on 
the suitability of the waters for use in gold recovery plants.  The examination extended to the 
mineral waters in response the developing balneological interest in the scientific community and a 
blossoming tourist industry.  Subterranean waters fall into many classes and may be categorised by, 
nomenclature, process, composition, temperature and geological setting (Table 1).  Classification 
of water has developed gradually and is sometimes directed by the intended use of the water. 
 
Table 1. Classification Matrix for Natural Waters (after Rosler and Lange, 1972).  
Origin (process) Salinity or composition 
 
Relative chemical 
composition 
Meteoric waters  
(surface and underground) 
Fresh waters (no salts or low salt content, 
maximum 1%) 
Sulphate waters 
 
Pore or connate  
(water in sediments) 
Salt waters (medium salt content  -  3.5%) 
 
Carbonate waters 
 
Juvenile waters  
(magmatogenic waters) 
Brines (high salt content,  >5%) 
 
Chloride waters 
 
 
Early classification of mineral waters in Victoria was proposed by Newbery (1867) and was based 
on a water classification proposed by Dr. Hunt7 of Canada.  A multitude of use based 
classifications also exist (see Appendix 1.01), with classification aimed at established criteria for 
the suitability for a proposed use, health, safety and aesthetic requirements. 
 
1.4 Criteria for Defining Mineral Waters   
 
A principal reason for defining mineral water is to differentiate it from other waters.  The early 
classifications and the subdivision of waters were to identify potable sources and were made by 
medicinal doctors.  For example, the Spanish physician Lirnon Montero (1697) subdivided all 
water into two types, potable water and mineral water.  Potable water was thought to contain 
negligible amounts of solid material (Davis and Davis, 1995), while mineral waters could be 
judged by chemical composition, supported by taste and level of carbonation.   
 
1.4.1 Definition by Circularity, Association and Colloquia  
 
Whether correct or not two strong strands of colloquia form much of the basis of our understanding 
of what mineral water is and are encapsulated as: 
 
• It is mineral water because it’s always been called mineral water; and, 
• It comes from a mineral spring, therefore it is mineral water. 
                                                     
7  Dr Sterry Hunt was referred to in Newbery (1867) and by Richard Daintree in the Report of the 
Geological Survey, Parliamentary Papers 1866.   
Comment [Ss1]:  
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Conceptually, these form a circular argument and a historical and geographic basis for judging 
what is regarded as mineral water in Central Victoria.  On this basis there are over 100 recognised 
mineral springs in Victoria, (Shugg 1996b).  This focus of the definition was adequate until bores 
became used to extract the mineral water from beyond the spring reserves.  Bore hole development 
has meant that the definition of mineral water must recognise a linkage with mineral springs and 
mineral spring reserves and take into consideration waters of similar composition to the mineral 
spring waters.  The definition in the State Water Act 1989 fails to differentiate between similarly 
mineralised waters and the “real” mineral waters. 
 
In Victoria to confound the situation groundwaters of different composition to the mineral spring 
waters have been developed and sold as mineral water.  This is a concern for the management of 
the mineral water resource and the statutory collection of the Mineral Water Surcharge.  Some of 
the bottling waters are fresh water and are not naturally carbonated nor are they associated with a 
known mineral spring or mineral water system.  These should not attract the Surcharge unless they 
are bottled and sold as "mineral water". 
 
1.4.2 Taste 
 
A requirement under the Victorian Water Act 1989 is that mineral water has a “distinctive taste”. 
This is an important consideration although a difficult criterion to define and satisfy.  Comparison 
with a reference or standard taste is possible and was used as a basis of the old descriptive 
nomenclature that recognised the importance of taste. 
 
Descriptive terms developed to classify mineral waters based on taste include: 
 
acidulous somewhat acid or sour 
alkaline containing the basic or alkali earths such as calcium or magnesium 
arsenical containing arsenic  
chalybeate containing iron 
lithia containing lithium 
magnesia containing significant amounts of magnesium 
pluto those that act as a purgative 
saline salty with a high salinity 
seltzer a natural water that is effervescent or any carbonated water  
seidlitz after a village in Czechoslovakia, and a water type noted for its laxative 
properties 
sulfurous containing sulphur or having a hydrogen sulphide odour 
 
Many of the Victorian mineral spring reserves have springs tentatively differentiated by taste.  The 
terms, “Soda”, “Magnesia”, “Iron” and “Sulphur” occur regularly without quantitative chemical 
justification.  A wide spectrum of tastes has been applied providing substantial confusion for the 
purpose of the Water Act 1989 that requires the satisfaction of a “distinctive taste” criterion.  It is 
also possible for the varied tastes of the mineral springs waters to be replicated by “ordinary” 
groundwater.  Another variation with taste is that it changes with time and temperature.  When iron 
is precipitated from mineral water the taste changes. To use taste as a criterion also requires many 
considerations not discussed in the Victorian Act. 
 
1.4.3 Temperature 
 
The temperature of the water substantially influences the taste and effervescence.  The mineral 
waters from mineral springs in Central Victoria have temperatures between 10 – 18oC and are 
“cold” waters (Shugg and Knight, 1994).  In the coastal sedimentary basins carbonated mineral 
waters have in situ temperatures that relate or are attenuated from the Formation temperature.  At 
Geelong, carbonated mineral waters emerge at coastal springs with a temperature of 22o - 24oC. 
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Temperatures of more than 60o C are attained in the Otway and Gippsland basins in the aquifer or 
reservoir formations where the high alkalinity waters occur at depths varying from 500 - 2000 m.   
 
Temperature may be used to subdivide the mineral waters, but not classify them.  Cold waters with 
a temperature of < 20oC would include the Central Victorian mineral waters and warm waters 
would be identified as 20oC< T <35oC while hot or thermal waters would have > 35oC and this 
criteria could be used to describe the carbonated mineral waters of the coastal sedimentary basins. 
 
1.4.4 Chemical Composition 
 
A very large array of chemical characteristics is available to differentiate and classify the mineral 
waters8. Most classifications of mineral waters suggest a minimum concentration of dissolved 
matter.  For bottling and consumption purposes the further qualification with bottled at source is 
stipulated by some State or National regulators to establish the bone fide. 
 
1.4.4.1 Salinity  
 
Salinity is applied as a qualitative and primary criterion in many definitions.  A range of between 
500 and 1000 TDS is usually proposed, with waters containing less than this being defined as 
potable or fresh water.  An upper limit is not generally cited, with the exception of the Victorian 
State Environment Protection Policy for Groundwaters of Victoria which selected 3500 mg/L for 
the class of potable mineral waters.  
 
1.4.4.2 Chloride 
 
Chloride is not usually used as a criterion for classification of mineral or mineralised groundwaters.  
A characteristic of the Central Victorian mineral waters is their low chlorinity.  By contrast 
chloride concentrations in sedimentary basin aquifers such from the Bellarine Peninsula or Otway 
basin often exceed 2000 mg/L.  In Victoria, chloride may be used as a regional criterion to classify 
mineral waters or the impost of ascension processes. 
 
1.4.4.3 Total Inorganic Carbon  (CO2 gas - Soluble CO2 - Carbonic Acid - Bicarbonate – 
Carbonate) and pH 
 
In groundwater carbon dioxide and the diprotic acid "carbonic acid" is universally present in 
several of its polymorphs: 
   CO2(g) ≈ CO2(aq) ≈ H2CO3 ≈ HCO3- ≈ CO32-.   
 
The total carbon dioxide (TIC) in the water is the real measure of carbonation.  Analytically this 
requires insitu measurements and special sampling techniques.  As the carbon dioxide solubility 
and speciation is temperature, pressure and pH related, sample integrity and collection techniques 
will influence the composition and speciation.  When bubbling occurs this changes the composition 
and may be initiated by solution precipitation equilibria, non carbonate pH - Eh controls 
determined by iron hydration and protonisation.  The alternate is to take care and use the 
bicarbonate alkalinity. 
 
A pH change will result in movement of CO2 from one form to another and this is accompanied by 
minor hysteresis response as ionic charge balance is maintained and transfer between gaseous and 
aqueous phases may occur.  Therefore, maintenance of electro – neutrality is an important concept 
accompanied by a heterogeneous multi phase thermodynamic equilibrium.  The Bjerrum 
8  A discussion and listing of mineral waters of Victoria is included in Appendix 06.01, that includes 
analytical methods, historical determinations dating from 1855. 
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relationship and the partial and absolute pressure in closed and open systems will effect the CO2 
speciation.  
 
In the literature, the criterion for "high" alkalinity water is usually set at 800 mg/L bicarbonate.  In 
Victoria, a lesser level of 500 mg/L was suggested for use in a mineral water definition that was 
proposed by Bannister (1985).  Geochemically, the lower level is not exclusive, as in Victoria 
around 50% of groundwater chemical determinations in the groundwater database satisfy this 
criterion.  Further, around 5% of analyses, ie. equivalent to 7000 sites, have more than 800 mg/L 
bicarbonate, while only 1% have concentrations above 1200 mg/L.  The quandary is that not all the 
mineral spring waters possess these extreme values.  Thus, bicarbonate alkalinity may be used to 
include or exclude waters in the class of mineral waters.  For carbonated waters the alkalinity level 
itself is not sufficient, but the pH must be used in conjunction as an indicator of the TIC and 
potential for degassing - and effervescence. 
 
1.4.4.4 Cation Speciation 
 
The mineral waters from Central Victoria are sodium magnesium or sodium dominated waters.  
The waters can be classified by the cation speciation, ie. by ratio.  However, as solution and 
saturation commonly determine concentrations and influence ratios they are of limited use.  Other 
groundwaters possess the same cation make up, and concentrations rather than ratios will be 
deterministic. 
 
1.4.4.5 Minor Constituents  
 
Trace metals have been used to identify sub classes of mineral water; they do not offer a practical 
method of defining the mineral waters.  Iron is a minor constituent of groundwaters, and its 
solubility is strongly affected by redox conditions, ligand and complex formation.  Small amounts 
of iron can significantly influence the taste of the waters.  Hydrogen sulphide is another constituent 
that in small amounts can effect the taste and odour of a water. 
 
Nitrogen gas is common in groundwaters and is released when the water meets the atmosphere. 
The mineral spring gas analyses indicate the gases contain 2% – 68% nitrogen.  The natural gases 
of the Otway and Gippsland sedimentary basins include nitrogen in the range 0.2% – 82 %, 
nitrogen is not considered a useful criteria for classification.  Although ubiquitous, it is not 
considered a good indicator of mineral water, though its ex-solution may produce bubbles. 
 
1.5 Definitions of Mineral Water 
 
The definition of mineral water is important in Victoria not only for the aesthetic and scientific 
values, but for the water value as the Surcharge of levy that is collected and to assist in funding 
management and development of the mineral water industry.  Around the world, the definition of 
mineral water varies.  Some definitions require the water to contain a certain amount and type of 
dissolved material and others specify a relationship to a source (Appendix 1.01).  The definition may 
also require that the water be impregnated with such gases as carbon dioxide or hydrogen sulfide.   
 
Popular definitions exist and include phrases, that reflect value judgements based on taste, odour and 
health benefits such as: 
 
“It tastes delightful, smells terrible, people love it and its good for you” 
 
1.5.1 Mineral Springs produce Mineral Water 
 
Mineral water comes from mineral springs in mineral spring reserves and this defines mineral 
water by axiom.  A simple and implicit tautology, but worthy of further consideration.  In 
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international literature and European regulatory organisations there is a continuing trend to define 
mineral water linked to the source and not define its specific chemical characteristics. 
 
Chemical variation between mineral springs has led to a difficulty in applying definitions based on 
chemical criteria.  Chemistry may be used to subdivide or classify waters.  In addition the preface 
term “natural” has been adopted in Europe where the major mineral water bottlers bottle at the 
“source”. Commercial realities are that the International definition precludes waters that are 
transported, enhanced with additives or treated beyond the requirements of the local health 
authorities9.  These restraints are not present in Australia.  
 
In Victoria and elsewhere in Australia commercial interests have utilised groundwater from bores 
with different composition to the mineral springs waters and marketed it as mineral water.  Some of 
these waters are fresh, artificially carbonated and are not associated with a known mineral spring or 
mineral water system.  
 
A framework for ongoing sustainable management, conservation and development of the Victorian 
mineral waters requires a clear definition.  The Victorian definition’s failure to achieve this has led 
to some confusion in the application of the mineral water Surcharge, and thus may be prejudicial to 
ongoing management and administrative structures.  
 
1.5.2 Classification Matrix for Victorian Carbonated Mineral Waters 
 
Carbonated mineral waters are a class of high alkalinity waters that degas when they reach the 
surface.  Emerging from deep “closed” flow systems and they undergo the many reactions that take 
place in the ascension process.  The waters gradually degas to equilibrate with atmospheric and gas 
partial pressures.  A classification is suggested to define Victorian carbonated mineral waters.  The 
water should possess a bicarbonate concentration exceeding 600 mg/L, a pH sufficiently below 8.4 
to produce an excess of carbon dioxide when some of the TIC is lost to the gas phase as the pH 
rises during equilibration with the atmospheric conditions. Details of a proposed classification are 
discussed in Appendix 1.01.  A characteristic observed during the degassing of the Central 
Victorian mineral waters is the rise in pH from around 5.9 - 6.3 to a degassed pH of 8.4.  Given an 
initial alkalinity of 600 mg/L and a pH of 6.3, based on the stoichiometric relationships, nearly 600 
mg/L of CO2 (~ 0.3 L at STP) is lost from the solution in the rise in pH to 8.4. 
 
1.6 Regulations Governing Mineral and Bottled Waters 
 
The regulations are under continuous review and Australian Association of Soft Drink comes under 
the Australian Federal Food Standards Code that permits various means of treatment of mineral 
water, including ultraviolet sterilisation, pasteurisation and “ozone” treatment.  This treatment has 
distinguished the product labelled as “spring water” in Australia from products similarly labelled 
that are imported from European countries. 
 
1.6.1 Mineral Water Bottling and Labelling Issues  
 
In the 1990's the Australian Government stood alone with respect to consumer protection by 
following the rational economic ideals of industry self regulation and obviating the regulatory or 
welfare approach.  Coca-Cola represented Australia.  Misleading labelling of carbonated water as 
mineral water is a major issue and has not been addressed in Australian Commonwealth consumer 
legislation.  With the exception of Australia10, misleading labelling and protection of consumers 
rights are major issues discussed and endorsed by leading countries contributing to the CODEX 
conventions including Denmark, Japan, USA, Canada and Cuba; this was not always the case. 
9  Details of overseas definitions are included in Appendix 01.01. 
10  Based on VMWC analyses (WaterEcoscience, 2003) tap waters in Victoria are being salted and 
carbonated and sold as “Mineral Waters”.  See Appendix 06.01. 
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Clear and fair labelling of mineral water first requires a clear and unambiguous definition that links 
the concepts of cleanness, composition and constancy of composition and source.  In Victoria the 
labelling issue was once covered in Section 77A of the Groundwater Act 1969,  
 
“A person shall not offer for sale in a container under the name of mineral 
water or mineral spa water or any similar appellation any water which is not 
mineral water within the meaning of this Act”.  
 
Section 77 was not translated to the Water Act 1989 largely due to other considerations determined 
by the interests of the bottling industry.  The local industry presented many emotive arguments 
based on the compliance and the economics of labelling.  Amelioration of consumer interests are 
manifest in the position adopted by the Commonwealth Government11. 
 
Victorian mineral water bottlers through the Surcharge have argued that the Victorian legislation is 
a commercial penalty.  This is compounded by not providing protection within a definition and 
thus endorsing the bone fide product.  Sustaining a commercial bottling industry in Victoria, may 
require the State to take initiatives regarding the sale of mineral water, as it already does with the 
health standards, and in the old Groundwater Act 1969.  It has been these very issues that led many 
European countries to change the labelling requirements for packaged waters and to introduce the 
concept of ‘bottled at the source’ as a definitive criteria. 
 
1.6.2 The Mineral Water Surcharge 
 
In Victoria almost all the mineral water sources are found in Public Land or in Special Public 
Mineral Spring Reserves.  To conserve the waters mineral spring reserves were established.  This 
has enabled preservation and continued access.  Since the 1860’s the Crown has regulated 
commercial access.  The waters of the reserves are vested in the Crown and are not alienable.  
Unfortunately leasing of the access to the waters has not always been applied in an equitable 
manner12.  The concept of a high market value has contributed to preservation of the mineral water 
resource.  The State Development Committee (1969) recognised that substantial commercial 
benefit was being gained from the exploitation of the resource, in public reserves.  On the basis of 
community and legal equity, it was deemed appropriate for monies to be collected from users of the 
resource and that these should be invested in the development of the mineral water reserves, 
tourism and hydrotherapy and the bath house.  Initially, a Surcharge of one cent per litre was 
collected from mineral water extractors. 
 
Money from the Surcharge was held in a Mineral Water Development Fund pursuant to Section 72 
(4) of the Groundwater Act 1969.  The Surcharge was initially collected under Section 48 A of the 
Groundwater Act 1969.  The Regional Rural Water Authority under Section 56 (1)(b) of the Water 
Act 1989 now collects the Surcharge.  The mineral water Surcharge currently returns around $300 
000 - $350 000/annum.  Mineral waters from sources in Victoria are charged the mineral water 
Surcharge, interstate and imported waters are not.  A conundrum exists due to the imprecise 
definition and the commercial soft drink Industries’ practice of bottling tap water and labelling it as 
mineral water or spring water. 
 
 
 
11  The CODEX protocols are discussed in Appendix 01.01 and are the subject of International lobby groups 
balancing national, consumer and corporate interests. A major outcome is the adoption of consumer 
protection in labelling and purity considerations.  Australian legislature at Federal level ignores the lead 
of the CODEX protocols. 
12  For instance the Jenkins Brothers at Leitches Creek mineral spring paid more per litre than the extractor 
at Pavilion Spring at Hepburn.  See details in Leitches Creek Technical Notes. 
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1.7 Mineral Water Systems selected for Examination in this Study 
 
The mineral waters of Daylesford region of the Central Highlands (Figure 1) have the highest status 
and longest contiguous modern history of all the mineral waters in Victoria.  The value of the waters to 
the region is magnified by their synergistic relationship with tourism, hydrotherapy and commerce. A 
complex history involving conflict, development, protection and conservation provides a valuable case 
study in the application of both failures and advances in sustainable management measures in Victoria. 
Over the last 150 years various Government processes and Committee activities have evolved in the 
course of formulating the management and conservation of the mineral waters of Central Victoria.  
Much of the management and protection of the resource necessarily has taken place outside the 
domain of the water portfolio.  The Water Resource regulatory process involving the determination of 
the Permissible Annual Volume (PAV) for aquifers, does not exist for the mineral water aquifers.  The 
reasons are manifoldly complex and thwarted by pragmatism, the statutes require that Catchment 
Management Boards and Groundwater Consultative Committees have a majority farmer membership. 
Such representation does not provide an adequate view of the issues concerning the sustainable 
management of the mineral waters.  To overcome this problem Victoria has a Mineral Water 
Committee whose representation has no requirement for farmer participation.  The Water sector in 
recognition of the need for objective input to sustainable management of the mineral waters has 
prepared management allocation guidelines (SKM, 2004) that address use of the mineral waters 
without the representation of farmer groups. 
 
In Victoria, hydromythology has retarded the rational management of the resource.  In particular the 
aspect of hydromythology that relates to the origin of the carbonated mineral waters and the treatment 
of the springs as solitary occurrences.  Mythology rejects the concepts of deterministic hydrology, 
geochemistry, empirical science and chemical evolution of groundwaters.  In the current study the 
allegorical perspective and hydromythology are rejected, while the concepts of continuity, 
thermodynamics, stoichiometry and hydrodynamics are pursued.  The study also differs from those 
preceding it by identifying numerous discrete flow systems and the importance of ascension, mixing, 
and reflux processes at the spring eye – the discharge zone. 
 
High alkalinity and effervescent “mineral” waters are associated with several other hydrological 
settings in Victoria with repeated associations in:  
 
• groundwater in deep sedimentary basins; 
• perennial flow systems in fissured bedrock; 
• transition zones in shallow alluvial aquifers near mixing or flushing zones, and; 
• waste disposal and landfill leachate plumes. 
 
In Central Victoria discrete flow systems have been examined in case studies and these are detailed 
in accompanying volumes of a new Mineral Spring Inventory as technical documents.  The 
Hepburn mineral waters provide a special case study that highlights spring management, 
preservation practices and catastrophic resource failure (Shugg and Brumley, 2003).  The 
translation of science to management offers many challenges and compromises that the enveloping 
political and social malaise imposes on sustainable management.  The allocation, depletion, 
economic and legal framework, property rights, market failure, planning failure and political 
realities combine to illustrate that sustainable management is not only an issue of relevance to 
water managers, but has a far wider demographic.   
 
1.8 Conclusions 
 
Balneology and the "Taking of the waters" is a pleasant, wide spread and long lasting human 
indulgence.  Over time interest in the mineral waters appears cyclic, and in early colonial years of 
the Victorian Colony, the waters attracted great interest immediately after the Gold Rush's of the 
1850's as prosperity in the community spread.  Much later after two world wars and between 1946 
and 1965 the spa resorts of Central Victoria lost their appeal and lay dormant.  Soon afterwards 
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bottling of the waters again became commercially profitable.  The exploitation of the waters from 
the mineral spring reserves attracted considerable community attention.  This eventually led to the 
review of the mineral water and spa resources by the State Development Committee.  Many far 
sighted recommendations were proposed, including a Surcharge on commercial extraction of 
mineral waters so that some of the wealth derived from commercial exploitation could be 
reinvested in the development, protection and promotion of the resource.  
 
Many of the deep perennial groundwater flow systems in Central Victoria develop high alkalinity 
groundwaters, it is a common geochemical facies.  A differentiating characteristic for the mineral 
waters of the Daylesford area is that they are slightly acidic and naturally carbonated. A pH range 
of 5.7 - 6.3 and Eh range of +50 to +100 mv are characteristics that serve to identify the carbonated 
mineral waters.  Further characterisation based on the ionic composition is identified by the low 
chloride (av 80 mg/L), low sulphate (av 61 mg/L), high bicarbonate (av 1400 mg/L) levels and the 
Total Inorganic Carbon usually above 3000 mg/L.  Sodium and magnesium are usually the principal 
cations.  Iron is a significant minor constituent with an average concentration of around 16 mg/L.  
Sulphate is usually less than 35 mg/L.  Other deep waters from the bedrock may have similar 
alkalinity levels, but often have high sulphate and chloride concentrations and exhibit quite different 
redox conditions. 
 
A profusion of constituent based classifications have been developed by chemists for mineralised 
waters.  Due to the great variation in the composition of these waters neither chemical nor physical 
criteria describe them exclusively.  No classification either includes all the mineral waters or 
excludes those waters that are not.  Inherently contradictory this means that an exclusive physico-
chemical definition does not exist.  Resolution of the definition problem is sought not in a 
empirical chemical definition but in a practical approach.  Elsewhere around the globe the 
identification of the "source" is included in the definition.  In simple terms mineral springs produce 
mineral water.  Definition by source has been developed to stop confusion and differentiate waters 
from the synthetic varieties popular with some soft drink bottlers.  To protect the local water and 
consumers rights European and Asian authorities have widely adopted the notion of source and 
bottled at source in defining their mineral and spring waters.   
 
On reflection, the existing implicit chemical and legal definition of mineral water in the Victorian 
Water Act fails.  To facilitate the regulation and management of Victoria's mineral waters it is 
preferable that the waters are defined by both source and by water quality criteria.  Criteria 
suggested are: firstly, an association with known or recognised source, a mineral spring, and using 
the MS number.  Secondly, the bicarbonate alkalinity should be sufficiently high so that a 
quantified pH shift from mildly acidic releases a quantified amount of CO2 from the water as it 
equilibrates with atmospheric partial pressures.  A precautionary methodology has enabled the 
recognition of long linear flow systems, geochemical trends along flow paths, the masking of 
ascendant water chemistry by spring zone processes, the importance of the Bjerrum effect in 
diprotic acids and the thermodynamics of CO2 solubility and non carbonate pH control 
mechanisms. 
 
Sustainable management of the Victorian mineral waters has suffered from two types of failure.  
The first type is the loss of the water.  In the past, this has resulted from dewatering associated with 
deep reef gold mining and from changes in forest management reducing recharge.  Pumping from 
bores in the spring reserves can also lead to the failure. The second major type of failure is 
contamination of the mineral water.  This may result from the flushing of the vadose or unsaturated 
zone of forest floor of detrital faecal material.  Noxious mechanisms include pollution associated 
with rapid transmission from distance sources in fissures or local delivery from mixing with bank 
storage associated with local stream stage changes.   
 
The mineral waters of Central Victoria thus offer a unique opportunity to present case studies, 
reflect on community support, governance framework and to identify the elements and experience 
required for sustainable management.  A rich resource of case histories provides an insight into not 
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only the workings of the springs but the human interface that has resulted in failures such as 
dewatering and pollution.  Social, mining, tourism, industrial, planning and regulatory activities 
have been superimposed on these "Special Waters" that make their sustainable management both 
an interesting case study, and provide an insight into the application of protection and conservation 
measures that are essential to maintaining their ongoing and sustainable management.   
 
 
 
16 
 
2. Historical Setting of Mineral Water Use in Victoria 
 
Summary 
 
Around the globe springs have been used and enjoyed for thousands of years.  The pioneers of 
chemistry worked to synthesise carbonated mineral waters.  In nineteenth century Victoria, 
“taking” of the waters became popular and spas were developed to follow the traditional activities 
popular in European. The first bath house was established at Clifton Springs in 1870, The Hepburn 
Mineral Spring Reserve was proclaimed in 1865 to preserve the Mineral Springs from “the ravages of 
mining, and for public recreation and amusement”.  A Pavilion was erected in 1869; a bottling plant 
in 1880 and a bath house was built in 1890. 
 
Part of the development of the Victorian mineral waters was associated with the period of Colonial 
expansion after the gold rush.  New comers recognised the need for the preservation of springs.  
Dewatering of underground gold mines had intermittently stopped the springs from between 1870 
and 1910.  There was considerable community anger and public agitation against the destruction of 
the springs by mining companies.  Overall this activity demonstrated that mineral water bottling, 
balneology and the tourism industry, which were identified as the interests of many, were in 
rational terms more economically important than the receding interest in mining.   
 
The expansion of the global bottled water market after 1965 was partly due to bottled water being an 
alternative beverage to alcohol and sweetened drinks, and partly due to the inconsistent palatability 
and the real and perceived health hazards of some urban reticulated waters.  Even today many of the 
townships in the Central Highlands townships have water supplies with a boil first policy. 
 
Long term sustainable management is an evolving process that recognises past failures and crises.  
An advisory committee, the Victorian Mineral Water Committee now plays a paramount role 
providing a forum that recognises the limitations and characteristics of the physical system, while 
integrating the realities of governance and regulatory processes.  The VMWC model combines 
representation of the Community, Tourist Industry, Soft Drink Bottlers, Local Government, State 
Government, and the Water Authorities.  Membership possess governance, marketing, planning, 
hydrogeological, water resource and environmental expertise.  The committee offers the umbrella 
role of custodian of the mineral springs. 
 
2.1 Mineral Waters and the Healing Cult   
 
Hydromythology is a major aspect of the continuing use of the mineral waters.  Religious groups or 
movements have placed major, or even exclusive, emphasis on the treatment or prevention by non-
medical means of physical or spiritual ailments, which are often seen as manifestations of evil 
(Back, 1981).  Such cults generally fall into one of three types: i) those centred on certain shrines, 
holy places, spas or bathing places, ii) those centred on certain organisations, or iii) those centred 
on a particular person.  
 
2.1.1 Hydropathy  
 
Hydropathy as a formal therapeutic system came into vogue during the 19th century through the 
efforts of Vinzenz Priessnitz (1799-1851), a Silesian farmer who believed in the medicinal value of 
water from the wells on his land.  Albu et al. (1997 p. 4-7) discuss the evidence of water therapy 
being practiced in antiquity by the Greeks and Romans.  The therapeutic system professes to cure 
diseases with water, either by bathing in it or by drinking it and is recognised as important in 
“medical tourism” (Peter, 1992).  Although water therapy is currently used to treat certain ailments, 
its effectiveness is generally accepted to be limited.  Never the less, many disease and injury 
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conditions are indirectly ameliorated by the relaxing effect of a patient's immersion in water and 
hydrotherapy is used widely in the medical industry for recovery from injury.  
 
There is evidence (Albu et al 1997) of Neolithic and Bronze Age devotion at the sites of a variety 
of such springs in western Europe.  Grisy and Saint-Sauveur in France; Forlì in Italy; Saint Moritz 
in Switzerland, and several sites in North America were used in the same period (Back and Landa, 
1992).  It appears that in every country and almost every culture in which springs occur that healing 
traditions associated with springs have developed.  In ancient Greece, the most famous shrines 
were at Thermopylae and near Aedepses.  In ancient Rome, the springs at Tibus and the hot sulfur 
wells of Aquae Abulae were well known.  In the Middle East, Callirrhoe was where Herod 
attempted to find relief from his fatal illness.  In ancient Egypt, temples adjacent to mineral springs 
were dedicated to Asclepius, the Greek god of medicine. 
 
Elaborate cultic practices surround many sources of water, and have been the scene of epiphanies 
and manifestations of deities or sacred beings.  An example in Europe is the shrine at Lourdes in 
France, where a flowing stream was claimed to cure the sick.  Many other European water shrines 
exist, but usually it is only holy men who expect healing will accompany immersion.  In the 
Malvern Hills of the English midlands, springs such as St Anne’s Well have acquired religious 
significance, are named after saints and have shrines erected around them. 
 
 
Certain great landmark rivers are believed to have therapeutic and apotropaic powers.  For instance, 
it was believed that a person might be cured of disease, purified from evildoing, or protected 
against disorders by immersion.  Therapeutic powers are ascribed to immersion in the Euphrates or 
the Abana of Iraq, the Pharpar near Damascus in Syria, the Jordan in Israel, the Tiber in Italy, the 
Nile in Egypt, and the Ganges, Jumna, or Saravati in India.  Many of the sites are scenes linked 
with the burial of holy men or healing shrines. 
 
Monastic orders had special classes of priests or dynasties of healers who trace their knowledge 
back to the gods.  The priests who serve in the cults of healing deities or at shrines were devoted to 
healing saints.  These religious communities have often contained physicians and established 
hospitals.  Religious founders often claimed curative powers and in many cases this was promoted 
by the proximity of a spring. 
 
2.1.2 Pilgrimage 
 
Healing cults have been associated with springs and water.  A pilgrimage to a Spa was recognised 
as a manifestation of faith and devotion and is a major ingredient of religious healing.  Thus the 
modern pilgrimage to a Spa, bathing in mineral water or immersion in thermal spring water has its 
origins in antiquity.  This is a common association with the European and British Spas (Figure 5), 
but in Victoria the religious element has not been developed.  Corinella mineral spring is one which 
might qualify based on its juxtaposition to the Eganstown church and cemetery.  It is one spring 
that is without signage and is lost to the solitude of the bush and the memories of the nineteenth 
century diggers.  
 
2.1.3 Balneotherapy 
 
For the “true believers” balneotherapy is the basis of many controversial claims made regarding the 
health giving properties of “water” and the “taking of the waters”.  The Great Soviet Encyclopedia 
(1973-1984), cited in Albu et al., (1997) provided a list of Spas that were claimed to cure different 
disorders.  The traditions have passed from the “old world” to the “new world” and have led to the 
development of mineral and thermal waters in the new countries.  In New Zealand (Rockel, 1986), 
accounts of the halcyon days and continued enjoyment of the thermal spas resulted in the 
construction of ornate Bath Houses (Figure 6) and development of a thriving tourist and 
accommodation industry. 
  
 
Figure 5. Tepidarium Bath Spa Pool Bath United Kingdom (2003). 
 
 
Figure 6. Enjoying the Bath House and surrounds, Rotorua New Zealand (2003).  
 
Particular attention in New Zealand was paid to the curative powers of the mercurial mud spas.  In 
United States hydromythology and ethnohydrology of the waters in the New World were described 
by Kamentz (1963), Back (1981) and the theme was enlarged and developed later by La Moreaux, 
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(1993) and Davis and Davis (1997).  The consequences of ingestion of the waters were discussed in 
Back and Landa (1992), now the consumer protection laws in the USA mean that it is not permitted 
to advertise that mineral water is beneficial for your health. 
 
In Victoria, the transposition of the Balneological water culture was evident with Swiss and Italian 
emigrant communities residing in the Daylesford district.  Balneotherapy was quickly established 
and has sustained a lasting interest in the mineral waters whether they are dependent on perception 
or hydromythology.  Development of the resource had progressed sufficiently by the 1870’s for 
Troedel (1872) to present testimonials from a number of prominent local physicians, of which the 
following is an example: 
 
July 1871, To the Secretary of the Hepburn Mineral Spring Water Company 
 
“Sir, In answer to your request for my professional opinion of the Hepburn 
Mineral Spring Water, I may state that as early as the year 1859, having had 
experience of its beneficial and medicinal qualities, I applied to the Board of Land 
and Works for a grant of the spring, as I had found it an excellent remedy in all 
cases of indigestion, flatulence, weakness or disorder of the stomach, sluggish 
liver and those complaints incidental to living in hot climates, and a pleasant and 
invigorating tonic, as well as a cooling drink, during the enervating months of the 
year.” 
 
(Signed) Samuel Smith, M.R.C.S.E., etc, Late Resident Surgeon, Kyneton Hospital 
 
 
 
Figure 7. Hepburn Reserves Bath House and Pavilion (circa 1920, Victorian State 
Library records). 
 
The testimonials of 1872 (Appendix 02.01) described bathing and taking of the Hepburn waters as 
being beneficial and efficacious to patients with diseases.  The list of diseases included ailments such 
as: anaemia, chlorosis, delicate nerves, diarrhoea, dyspepsia, flatulence, gastric fever, gout, incipient 
consumption, indigestion, kidney problems, leucorrhoea, lumbago, menorrhagia, rheumatism, sluggish 
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liver, stomach and digressive disorders, strumous diathesis and weakly children.  By the 1920’s the 
Hepburn Reserve contained the bottling plant, a pavilion and Bath House (Figure 7). 
 
The development of balneology in the Daylesford area was actively supported by the Secretary of the 
Mines Department in 1889 (Langtree, 1889) and the Health Collective of the Australian Natives 
Association used to hold its annual conferences in Daylesford (Menadue, 1972). 
 
2.1.4 Mineral Water Constituents and Health 
 
Minerals are both natural and essential to metabolism of the human body.  If the intake of 
important nutrients and trace minerals is inadequate, then the body will suffer impairment, 
unfortunately, the converse is not necessarily true, upon which the mythology is based.  A long list 
of diseases were traditionally treated at spas: gout, rheumatism, indigestion, liver and kidney 
complaints, anaemia, consumption, women's and children's diseases, constipation, St Vitus' Dance 
and scrofula.  There is little to support these claims, but medical research, particularly research 
carried out in Europe, has shown that balneotherapy may relieve stress-related illnesses. Zotl 
(1995), referred to the Austrian Badgastein Spa waters as a cure for rheumatism and that the 
Bockstein mine gallery treatment exposure to radon is used as a cure for polyarthritis.  
Nevertheless, in Victoria the claimed health giving properties of the waters spawned the early 
development of spa companies in Victoria (Figure 8).  
 
 
 
Figure 8. Commercialisation of the mineral waters illustrated by the share script 
Clifton Springs 1880.  
 
2.1.5 Calcium, Magnesium and Minor Elements 
 
Popular health cures have seized on the presence of calcium and magnesium in water and the 
hypothesis that magnesium in drinking water helps to prevent death from myocardial infarction.  
Local mineral waters with magnesium are now advertised as providing non pharmaceutical (Figure 
9) benefits.  Research indicates that lithium is helpful in treating manic-depression, alcoholism and 
compulsive behaviour. 
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Figure 9. Modern Alchemy suggests a magnesium panacea that is popular although the 
labels must identify the waters as Non Pharmaceutical. 
 
2.2 Mineral Waters Role in the Development of Water Chemistry 
 
Mineral waters have played an important role in the development of an understanding of water 
chemistry.  In antiquity, Alchemists had an interest in mineral waters in their thwarted non 
metallurgical pursuit of the “fountain of youth”.  However, the historical roots of the science of 
groundwater geochemistry and the evolution of the chemical sciences is inexorably linked to the 
scientific curiosity generated by the spas and development of bottled mineral water (Back, 1981, 
Back, Landa and Meeks, 1995, Davis and Davis, 1997).  Understanding the gaseous mineral waters 
provided a challenge to the English chemists Joseph Priestley (1733-1804), Henry Cavendish 
(1731-1810), and William Henry (1774-1836), and the French chemist Antoine Lavoisier 
(1743-1794) that resulted in the ushering in of the "Era of Gases."  The earliest bottler of carbonated 
water, Jacob Schweppes was greatly assisted by Joseph Priestley who he regarded as "the father of 
our industry". 
 
2.2.1 Historical Accounts "De Aquis Mineralibus” - Mineral Water 
 
Little survives of the ancient literature on mining or the natural sciences.  However Greek 
philosophers around 600 BC made speculations about the physical world rather than relying on 
myth to explain phenomena.  Thales considered that all matter was derived from water, which 
could solidify to earth or evaporate to air.  Later this theory expanded to the concept that the world 
was composed of four elements: earth, water, air, and fire.  The main tenet in the evolution of 
scientific thought from the time of the ancient Greeks and Romans, to the Middle Ages seems to be 
the attempts to reconcile the Peripatetic13 and Alchemistic philosophies of Metallurgy and 
Chemistry.  The connection between Balneology and Alchemy was the pursuit of the elixir of 
perpetual youth. 
 
                                                     
13  The Peripatetic were followers of the Athenian philosopher Aristotle (384-322 BC) 
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By the late 1700’s experiments and investigations were published on carbonated soft drinks.  These 
were the result of a desire to duplicate the naturally effervescent mineral waters from the European 
spas.  By 1772, the English Chemist Joseph Priestly had demonstrated a carbonating machine.  
Jacob Schweppes by 1794 was bottling mineral waters and later he started a business in London.  
With cheaper manufacturing enabling a greater output, bottled water became popular.  In 1886, 
John Pemberton invented Coca-Cola, the first cola drink. 
 
Historical accounts of mineral water and carbon dioxide occurrence are varied and many examples 
in the old literature express spectacular claims, it is uncertain whether these gained public 
ratification.  An example presented by the Australian geographer Gregory (1906) reasoned waters 
could come from great depths, even the interior of the earth and similarly great distances.  
 
“The second source of subterranean water is the interior of the earth. The 
rocks of the deeper layers of the earth's crust contain water.  ……… 
 
The tendency has always been to assign the origin of the flowing wells 
to distant localities. The ancient Egyptians supposed that the water 
which flowed from the artesian wells of Thebes came from the hills of 
Darfur, 700 miles to the south.  The source of the water of the famous 
well at Grenelle, near Paris, has been attributed to the Jura Mountains.  It 
is, therefore, only in accordance with precedent, that the source of the 
deep-well waters of Lake Eyre should be sought in the mountains of 
New Guinea, the Andes, and the Himalaya.” 
 
As late as the 1960’s and early 1970’s mineralised waters were still considered largely of juvenile 
origin (Dowgiallo, 1978).  Within a decade the cognisance of this belief had almost vanished 
(Rosler and Lange 1972) and few waters are now thought to possess a juvenile origin. 
 
In the United States recognition of the significance of mineral water was made and land was 
preserved in federal reservations in 1832; later administration was transferred to the National Park 
Service. 
 
2.2.2 Uniformitarianism against Neo – Neptunist (Catastrophist) Philosophies 
 
In the early development of the Geological sciences in the 18th and 19th centuries the philosophies 
of uniformitarianism and catastrophism arose in dealing with the dynamics of geological processes 
(Simpson, 1963).  Catastrophism involved the intervention of God, and depicts the earths history as 
a sequence of major catastrophes.  The difference between the philosophies is best explained as the,  
“catastrophist belief that valleys are clefts suddenly opened by a supernaturally ordered revolution 
as against the uniformitarianist belief that they have been gradually formed by rivers that are still 
eroding the valley bottoms (Simpson, 1963).   
 
Neo catastrophists remain vociferous on the fringes of science, where prejudice is more persuasive 
than rigorous methodology.  This is an issue that this thesis examines in the interpretation of the 
origin of the high alkalinity carbonated mineral waters.  In Victoria the palaeontologists Hall and 
Pritchard (1893) invoked the solfatara14 or the dying stages of Early Tertiary (22 Ma) volcanism to 
explain the high alkalinity mineral water springs on the Bellarine Peninsula.  Neptunist or Plutonic 
views had been popular with lay people in Daylesford as Whitelaw and Baragwanath (1923) noted: 
 
“opinion amongst miners that the springs are an after effect of volcanic 
activity; that their source is deep-seated; and this view generally held, locally, 
at any rate until the publication of Professor Skeats'* report.”   
14  a phrase of Italian derivation, relating to semi-extinct volcano emitting only gaseous sulphurous exhalations 
and aqueous vapours, from solfo = sulphur 
 
Characteristically “Neo Neptunist” views were applied that invoke a flux of carbon dioxide from the 
deep crust in deference to deterministic processes of water chemistry by Lawrence (1969), Szabo 
(1975ab, 1976), Laing (1977, 1980), Richards (1992) and Cartwright et al (2000, 2002) and these 
views continue in the popular press too, eg. Wishart and Wishart (1992).  Of greater importance, 
however, are the legal implications of different origins and therefore the implications for a 
regulatory framework of the resource.  In the State of New York the origin of mineral water 
became a legal issue when control measures were initiated to manage over exploitation of the 
Saratoga mineral water aquifer system (Ruedemann in Davis and Davis, 1997). 
 
In scientific explanations, a hypothesis, prediction and experiment are inseparable and involves 
only one strategy of testing, using multiple experiments and controlled variables.  A major 
consideration in the thesis is that the application of the empirical laws of chemistry cannot be 
replaced or supplanted by either allegorical argument or possession of apriori knowledge.  Instead, 
an understanding of the evolution of mineral waters relies on empirical evidence, geochemical 
settings, laboratory replication and complex interaction within flow systems involving 
heterogeneous multi phase thermodynamic reactions with which a meteoric - rock mass interaction 
origin is consistent.  The plutonic hypothesis developed within the catastrophist philosophy is 
rejected.  Adherents to the plutonic hypothesis spurn examination of readily available empirical 
evidence that would otherwise result in the rejection of their hypothesis. 
 
2.3 Mineral Waters of Central Victoria 
 
The springs associated with the “special waters” of Central Victoria were not widely reported by the 
early European settlers (Sutherland, 1888).  Without doubt, the perennial nature of the mineral water 
discharges meant that the European farmers and squatters greatly valued the waters.  
 
 
Figure 10. Gunsser’s mineral water bottling plant at Bunding near Spargo Creek (before 
1900). 
 
Carbonated mineral water from Central Victoria was used to manufacture aerated cordials and for  
bottled waters and were of historical importance from the early 1860’s.  In the Ballan – Bunding – 
Spargo Creek area, the Gunsser’s established gas collection and soft drink bottling (Figure 10).  
Near Daylesford, Hepburn Spa and Boon Spa were bottled and many other sites had a bottling 
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plant.  Most of the waters were the setltzers, but the popularity of the carbonated waters extended 
to saline varieties from Coimadai and Clifton Springs.  
 
2.3.1 Accounts in Aboriginal Folk Lore 
 
Little data is available on either the use of the mineral waters by the aboriginals or the folklore that 
may have surrounded them.  Undoubtedly, in the landscape of the Upper Loddon River system 
(Figure 11) the small perennial water sources would have been valued in the dry summer months 
when stream flow was small.  As mineral and fresh water springs abound in the district, there may 
have been a preference for the larger fresh water springs.  The period before European settlement 
had seen a prolonged interval of inter tribal war and the Loddon tribes were in a weakened and 
depleted state (Flett, 1974) and this may also have contributed to the sparsity of record. 
 
 
 
Figure 11. Aboriginal bush camp Loddon Valley circa 1854 (Daintree - Sun Pictorials). 
 
One story exists, of which the origin is uncertain, and concerns a Princess from the mountain tribe 
who was kidnapped by a party from the plains tribe.  Later the Princess escaped and was pursued 
back to the mountains where she hid from her pursuers in the crevasse of a rock fissure at one of 
the springs.  From that time onwards the gurgling of the spring was recognised as the laughter of 
the Princess by the mountain tribe.  Out of respect for the Princess it became taboo for the 
mountain tribe to drink from the spring (Menadue, 1972). 
 
2.3.2 Cartographic Uncertainty 
 
The rapid changes in the landscape and of demography in Central Victoria have led to cartographic 
uncertainty and confusion.  Agriculture, alluvial gold rushes, reef mining, forestry and railways 
serving the area changed in size and intensity and have been accompanied by shifts in population.  
Usage of place or district names in site descriptions can now be misleading.  An important example is 
the term “Ballan Spring”, that once referred to springs near Bunding, now the Spargo Creek springs.  
Confusion is increased as chronological variation provides lists of names for individual sites, mines, 
reefs, creeks and roads.  Map bases provide difficulties due to base distortion and detail, making 
comparison difficult.  Assessment of the mineral waters has required painstaking unravelling of the 
confusion embedded in mining literature and archival material collected on the springs (see Laing, 
 
24 
 
25 
                                                     
Shugg and Elder 1997)15.  Near Hepburn Mineral Spring Reserve the names of minor stream 
tributaries, such as Wild Cat Gully and Argyle Gully have been exchanged on different map bases.  
Mine and reef or lode names evolved with the development of the gold-field and provide significant 
variation. 
 
2.3.3 Spring Inventories, Technical Notes, Names and Numbering  
 
A plethora of local spring names once led to considerable confusion.  Many springs and tufa 
mounds were recorded on the early Geological Quarter sheets and in the field notes of the 
geologists including: Alpin, Baragwanath, Daintree, Dunn, Ferguson, Foster, Hunter, Kenny, 
Mahoney, Newbery, Taylor, Ulrich and Whitelaw.  To resolve this problem a cadastral spring 
numbering system was introduced by the Geological Survey (Dunn, 1910).  The numbers were 
incorporated on the accompanying Mineral Spring Map that was published in 1912.  At this time 
the mineral springs were numbered from the north to the south.  Initially, only 85 “mineral springs” 
were included in the numbering system.  The inclusion of several small occurrences in creeks of 
the Central Highlands, intersections in bore holes and new finds associated with the current study 
has led to the number being increased to more than 119 (see listing in Appendix 02.02 and details 
in Appendix 02.04). 
 
The Geological Survey numbering system has not always been diligently followed and departures or 
errors have been replicated in and from Rulikowska (1969) in Laing (1981) and in Bannister (1986).  
Some authors use local names and others had their own numbering systems, eg. McLaughlin and 
Macumber (1968) and Schaefer and Kecskemeti (1981).  Cross referencing is made difficult.  It was 
not stressed in Rulikowska (1969) that the source documents for the "Mineral Springs of Victoria" 
were largely summarised from the field notes prepared by Ferguson, Baragwanath, Foster and 
Thomas.  Therefore, many of the spring descriptions related to observations made 50 years before the 
draft compilation in 1961, that was edited and published in 1969.  Later, many editorial corrections to 
the 1969 document were made by Messrs Esplan and Kenley of the Geological Survey, in preparation 
for presentations to the State Development Committee (1969-1970) but have not been published.  
 
Bores in reserves have become named as springs.  Generic terms such as main; Pavilion; Rotunda; 
Soda; Sulphur, Magnesia and Central are repeated in spring reserves throughout the district.  Central 
Springs at Daylesford was located between Sutton’s and Leggatt’s Springs.  The later was drowned 
by the construction of Lake Daylesford in 1929.  The spring then became known as Hard Hills 
Spring, and then the four16 bores drilled nearby in 1929 become known as Central Springs. 
 
Many small springs are ephemeral and were not registered.  Some occurrences have been lost in the 
pages of old files.  An example occurs on Deep Creek near Eganstown, springs MS93 and MS94 
were recorded as being close to MS37 (Deep or Crystal) and MS38 (Brandy Hot).  Rulikowska 
(1969) considered that they might be the same, while the Shire of Creswick referred to Mc Guinness's 
Spring being the one close to Brandy Hot.  Later the authors Wishart and Wishart (1990) named the 
other small spring after their little dog friend and companion Tala.  Mineral water discharges found in 
mines such as the Victory Adit and Ballarat Adit have been rediscovered in this study.  Other 
occurrences in mines around Maldon remain inaccessible.   
 
Mineral Spring inventories have been compiled by Dunn (1910), Rulikowska (1969), Laing (1981), 
Laing, Shugg and Elder (1997) and in the detailed Technical Notes accompanying this document.  In 
each instance, the Geological Survey numbering system has been adopted.  Confusion due to poor 
record keeping and public usage is a social artefact and historical legacy.  Without the voluminous 
and archival records of the Geological Survey little of the confusion could be resolved.  In proceeding 
15  Details may be found in the accompanying Spring Inventory Technical Papers, see also Appendix 02.03.  
16  Two have been decommissioned. 
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towards a sustainable management of the springs and the mineral waters the numbering system has 
been adopted, its usage clarified and positions verified. 
  
2.4 Previous Investigations in Central Victoria 
 
An examination of the mineral water surveys and related hydrogeological studies undertaken in 
Victoria, and in particular the Daylesford district reveals two distinct periods of activity, in the late 
1920’s and the mid 1970’s.  Data is contained in newspaper articles, published and unpublished 
reports, Government archival material and the files of the Mines Department and Geological Survey.  
An annotated summary of previous investigations and reports is contained in the Appendix 02.04 
“Chronological listing of Investigations.” 
 
2.4.1 Nineteenth Century Investigations 
 
The mineral springs of Central Victorian proved to be of little interest to the first European settlers 
who moved into the area in the 1840’s.  Shortly afterwards in the halcyon days of the gold rushes 
of the 1850’s many springs were uncovered.  Diggers from 1851 – 1870 and onwards discovered 
many springs when they mined, moved and removed the alluvial sediments that rested on the 
mineral water outlets from the bedrock in the base of the gullies. 
 
In this period of mining and early regulation of the gold-fields the Geological Survey of Victoria 
commenced geological mapping and recorded the positions of many of the springs and old spring 
tufa mounds.  Early qualitative determinations of composition were followed by qualitative 
analyses of the water (Maund 1855, Newbery 1867).  In antiquity, these are the antipodean 
equivalents to the early analyses of mineral water conducted on the Europe and North America.  
Davis and Davis (1995) list published compilations of less than 16 analyses from the mineral 
springs in the United States before 1840.  
 
2.4.2 Investigations of the Geological Survey  
 
Officers of the Geological Survey have played a pivotal role in the assessment and protection of the 
mineral springs (Laing et al 1997), making recommendations to protect the springs from fossicking 
and alluvial mining and for the enlargement of the reserves to protect them from mine dewatering 
operations. Early qualitative reporting of spring water composition was made by Maund (1855), 
Newbery (1867) Dunn (Fredrick, 1887).  Influences of mine dewatering were made by Dunn 
(1910), Dunn et al (1912), Whitelaw and Baragwanath (1914, 1923) and Skeats (1914).  Between 
1928 – 1930 Baragwanath supervised the construction of new bores in the reserves to increase the 
availability of the waters to the public. 
 
The onset of a modern period of hydrogeological testing commenced with the work of Thomson 
(1963, 1966), Lawrence (1965, 1969), Macumber (1974), Szabo (1975ab, 1976) and Laing (1977, 
1980, and 1981).  Current activities are largely directed by the Mineral Spring Committees17 1984 – 
2003, this has included a discussion paper Shugg (1996b) and a risk assessment study presented by 
Sinclair Knight Merz (1996). 
 
2.4.3 Monitoring Programs of the Mineral Water Committee  
 
In the 1980’s and then commencing again in 1998 a bacterial monitoring program for the mineral 
waters was initiated as part of the Health and Environmental program.  The temporary closure and 
renovation of many springs has followed as a result.  This program has led to the recognition of the 
patterns and dynamics of rapid movement of percolates near the spring eyes and the vulnerability 
of the mineral water sources. 
17 From 1984 the spring committees have been the MSAC and VMWC (Mineral Spring Advisory Committee and 
the Victorian Mineral Water Committee). 
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2.5 Commercial Exploitation 
 
Several periods of exploitation can be identified as the demography of the region and as social 
habits have changed.  The early period of commercial exploitation commenced in 1865 (Table 2) 
largely at Hepburn, Ballan, Clifton Springs and Deep Creek and was aimed at the collection of 
carbon dioxide and water for the manufacture of aerated cordials.  The cordials were drunk locally 
and also carted to Melbourne.  
 
Table 2. Commercial Development of Mineral Springs for Bottling and Gas Collection. 
Following reserve creation 1865 - Rejuvenation 1980 - 1986 and present year ceased extraction 
Clifton Springs 1870 Ballan Shaw’s – Ludol 1987 
Coimadai (analysis 1887) Before 1910 Black Hill – Gordon Active 
Deep Creek (Crystal) Before 1910 Bullarto – Lyonville 1988 
Donnybrook 1955 – 1956 Charlies Hope 1985 
Ellis at Malmsbury Before 1910 Deep Creek – Crystal – Corinella Active 
Frankston (proposal) 1906 Donnybrook – Donnybrook Spa 1987 
Gunsser’s (Bunding) 1870’s Glenlyon – Taurina Spa 1982 
Hepburn (Hepburn Spa) 1865 Gordon – Black Hill and Gordon South Active 
Kyneton – Boggy Creek 1940 Kyneton – Boggy Creek Active 
Leitches Creek 1905 – 1950 Limestone Creek (Gilmore’s) 1986 
Lyonville Township ~ 1910 Lyonville Township 1991 
Muirs (Boon Spa) ~ 1886 Muirs – Boon Spa (1886) 1988 
Shaw’s at Ballan 1908 Sailors Flat – Hepburn Spa 1989 
  Sandglen – Cottonwood Valley (MS 69 Werribee River) 1989 
  Tylden (Italian Festival) 1986 
  Wheatsheaf (Gooches – Kangaroo Creek) Active  
  Woolnough’s Crossing (Bolton) 1987 
 
Currently (2004) no commercial bottling is carried out at source.  Mineral water from other springs 
is transported to Melbourne for bottling.  The bottling works was removed from the Hepburn 
Spring Reserve in 1986, and relocated to the western side of the Daylesford township.  The works 
were sold, rationalised and then adsorbed into bottling operations carried out in Melbourne.  A 
listing of current and licensed extractors of the last two decades is included in Appendix 02.05. 
 
2.5.1 Bathhouse Extraction 
 
Bathing and bathhouses were a popular feature of the Victorian lifestyle.  In the State of Victoria 
however mineral water spas and bathhouses were first developed at Clifton Springs in 1870, and 
later at Hepburn in 1890.  These tourist destinations were reached by steam ferry, by train and 
horse drawn coach.  The train service to Daylesford from Melbourne did not commence until 1890.  
While the springs on the Bellarine Peninsula had water temperatures of slightly more than 20o C 
the waters around Daylesford were cold at around 14o C.  This aspect and the small volumes of 
flow contributed to their slow development while contriving to protect them from over 
development.  In the nineteenth century, the mineral water baths competed with the very popular 
sea baths that abounded along the inner city beaches of Melbourne at Port Melbourne, Middle Park, 
St Kilda, Brighton and Beaumaris.   
 
2.5.2 Flow and Allocation from Hepburn Mineral Spring Reserve 
 
In the Daylesford Region the combined flow from all the mineral spring eyes is around 2-6 L/s 
(70-200 ML/a, (Shugg and Knight, 1994)).  The largest spring flows occur at two outlets in the 
Hepburn Mineral Spring Reserve with the Pavilion Spring 0.2-0.3 L/s (6-9 ML/a) and the Locarno 
spring 0.3-0.4 L/s (9-13 ML/a).  The natural rate of mineral water discharge from the Hepburn 
Reserve spring eyes was estimated as 0.7 ± 0.3 L/s (22 ± 9 ML/a (Shugg, 1999a).  
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Figure 12. Victorian mineral water extraction patterns for 1980 – 2000. 
 
 
 
Figure 13. Hepburn Pavilion and the Bottling Plant in the early 1900’s. 
 
Figure 14 Hepburn Springs Commercial Bottling Plant over Pavilion Spring June 1976 
(from Laing, 1977). 
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Baseflow gauging on Welshmans Creek at Locarno Spring suggests that the total outflow may be 
around 6 times larger18.  Flow is highly seasonal and during periods of low flow discharge is focussed 
at the lower elevation spring eyes, Pavilion and Locarno.   
 
Historically, extractions within the Hepburn Reserve have been stressing.  Only with difficulty 
have equity, the needs of the bottling plant, the bathhouse and public use at the free flowing springs 
been balanced.  The cellar on Pavilion spring once provided most of the water in the reserve.  
During periods of high demand water was also scavenged from the night time flow of Locarno 
spring.  Volumes of water thus extracted from the Pavilion Spring have varied and ranged between 
15 – 60 m3/day (Laing, 1977).  
 
Extraction from the Emergency bore for the Bath house under present extraction and climatic regimes 
are now (2004) measurably affecting and even sometimes stopping the flow of the public Locarno 
Spring (per comm Andrew Bourke19).  This bore also draws in ambient fresh groundwater and leakage 
from the creek.  In Hepburn Reserve the volume of mineral water that Goulburn Murray Water 
Authority has licensed for extraction is 15 ML/a shared between the Emergency Bore (104268, 
Wombat 15031), at a rate not exceeding 0.1 ML/d, and from Pavilion Spring (130144) as less than 
40% of the spring flow.  The current demand in a drought period is unsustainable if water quality is 
to be protected in the reserve.  Similar stressed periods have occurred in the 1900’s, 1920’s, 1960’s 
and 1980’s. 
 
Assessment of the impacts of mineral water extraction in the main mineral spring reserve was not 
undertaken until the VMWC initiative and installation of data loggers in 1998.  Now limits use and 
regulation of extraction are determined by local factors such as proximity to and effects on other 
users, including the Crown rights to and use for public purposes.  This is an intense and involved 
management process. 
 
2.5.3 Mineral Water Allocations  
 
In Victoria, groundwater was once managed as a mineral under the Mines Act (Clark, 1979).  This 
did not change until after the proclamation of the Water Act 1958 and then clearly in the 
Groundwater Act of 1969.  In the 19th century mineral water licensing was carried out by the Mines 
Department and by the Lands Department.  Dual Departmental administration continues to this day 
as procurement of the mineral waters often requires access to Crown Land or the Special Crown 
Reserves.  The modern Water Authorities, apart for the collection of a surcharge20, are yet to 
facilitate a rational management regime for the waters.  There is no formal recognition of public or 
environmental entitlements.  No formal recognition exists for public entitlements nor the apriori 
water entitlements that exist in both public use rights and as the implicit rights accompanying the 
establishment of the Special Mineral Spring Reserves.  The Water Authorities process requests for 
allocations by private individuals on a response or demand basis and follow the prior appropriation 
allocation principle. 
 
Importantly, Australian Water Acts usually accept the legal principles reinforced by common law 
determinations of the High Courts.  The rulings have resolved that renewable licenses are not 
recognised as property rights (Chisholm and Moran, 1993).  The major canons of water law deal 
with Equity and the Crown’s Superior Right to use water for public purposes, to protect all public 
rights, to prevent the private domination of water by individuals and to prevent perversion of the 
resource.   
 
18  Ibid. 
19  The Shire of Hepburn Engineer who is responsible for managing the spring reserves. 
20  Defined as the Mineral Water Surcharge in the Water Act 1989. 
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The total allocation to bottling sources peaked around 1989 at 220 ML/a, while peak extraction 
climbed to 230 ML.  Current extraction is at 56 ML/a or 96 ML/a if the 40 ML/a from the Gordon 
bottling sites is included and only a small proportion of the total allocations.  Of great significance is 
that the Crown has established the precedence that non active allocations will be resumed. 
 
2.6 Failure and Conflict  
 
In Central Victoria the springs have been the hub of conflict on many occasions.  Their protection 
and the preservation of public rights have caused much community anger and angst.  The mineral 
spring reserves were set aside to protect the springs and waters from the ravages of alluvial mining, 
prospectors and fossickers.  When the underground gold mines dewatered Hepburn springs in 1910 
– 1914 considerable community anger and public agitation resulted.   
 
Competition between commercial bottling and public access to the mineral waters has been an 
issue solved at several springs by establishing sharing arrangements.  The bottling facility supplies 
a spout or overflow for the public to access, examples are at Pavilion Spring at Hepburn and 
Crystal – Deep Creek spring at Eganstown (Figure 16). 
 
Competition between the commercial bottlers, the bath house and public access in Hepburn 
Reserve partly led to recommendations from the SDC (1970) for the removal of the commercial 
activities in the reserve.  The bottling plant was eventually removed in 1984 and later the Bath 
House was refurbished in 1986 and then rebuilt in 1991.  The Bath House is now considered to 
have insufficient capacity.  The mineral water bottling plant has closed, as it was troubled by 
shortage of supply, cyclic demand and competition from bottling operations in Melbourne.   
 
Tourism is placing pressure on the reserves.  The increasing visitation of more than 400 000 
tourists a year to the Daylesford township and over 100 000 people using the mineral water baths at 
Hepburn provides additional pressure on the function of the Hepburn spring reserve.  
Public equity, as access to flowing springs, has been an important consideration in the history of 
the springs, but no formal allocation under the water act have been made.  The Wombat Mineral 
Water Management Guidelines (SKM 2004), propose that this be addressed. 
 
Encroachment by gold miners seems a danger of the past, but now the spring reserves must contend 
with the pressures of urban encroachment and the avarice of property developers.  In 1997, a 
property developer proposed that 4 Ha of the Hepburn Reserve be given to his company so that he 
could build a Hotel and close the public bath house (VMWC Minutes, 1997).  Although the 
proposal was audacious it received considerable support at some levels in Government until public 
response demonstrated that the proposal was in appropriate.  This process represents an important 
lesson; there is a need for adequate review of planning proposals.  This is still an aspect of the 
management of the mineral waters that requires clarification and further development.  A 
considerable proportion of the cost of reserve maintenance is borne by the Shire and its rate payers 
and this may result in time with alternate management arrangements being initiated.   
 
2.6.1 Mining History in Central Victoria 
 
Gold mining has played a very important role in opening up the mineral springs region.  Mining in 
the Daylesford Gold-field provided an understanding of mineral water occurrence and has also 
resulted in the setting aside of special mineral spring reserves.  But this has not always been without 
controversy, as the dewatering necessary for the operation of the deep reef gold mines also drained 
mineral waters. 
 
Gold was officially discovered near Daylesford on Egan's station and dairy in February of 1852, 
although earlier field parties were reported in the area in October 1851 (Flett, 1970).  This marked the 
onset of mining activities in the Daylesford area.  The miners developed three fronts of attack in 
pursuit 
 
 
 
 
Figure 15. The old Bath House with heritage chimney circa November 1983 (Laing 
photo). 
 
 
 
Figure 16. Crystal Spring in Deep Creek and the tank house with provision of a public 
spring outlet.  
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of the precious metal: shallow alluvial mining and loaming, Deep Lead21 mines and reef mining.  The 
combined effect on the landscape and hydrology of the area was significant (Dunn, 1910).  
 
 
Figure 17. Alluvial mining camp Ballarat Gold-field circa 1854 (Richard Daintree in 
Brough Smyth, 1869). 
 
The alluvial mining activities commenced in the early 1850's and were aimed at the stream alluvial, 
the hillside colluvial and soil cover.  These activities sometimes masked the egress points of the 
springs, many of which had been discovered in the excavations made by the diggers. 
 
A photograph (Figure 18) of Doctors Gully at Daylesford taken by the gold-field photographers 
Antoine Fauchery and Richard Daintree (1857) and similar references in Flett (1977) depict the 
landscape of the gold rush era.  The terrain had been cleared of all timber and other vegetation and the 
soil had been removed and puddled.  Tunnels were dug, shafts sunk, mullock, gravel and boulders 
were piled in heaps along the wash way of the creek.  Board walks negotiated the debris and mud and 
water races carried the water for the miners operations (Daintree, 1857) from great distances. 
 
The second phase of gold mining pursued alluvial sediments where they had been buried under the 
cover of basalt or left abandoned as elevated terraces in the landscape as the stream thalwegs were 
incised.  The Deep Lead mining required the pumping of large amounts of water from the ground to 
                                                     
21  The term “Deep Lead” was defined in the gold-fields publication by Brough Smyth (1869) and later the 
usage was refined by Hunter (1909), it represents a preservation – depositional facies, and is a 
diachronous rock unit.  Although it is usually of terrestrial nature, Taylor (1874) and Krause (1874) noted 
marine fossils in the Deep Leads of Avoca – Ararat.  The sediments usually include rudaceous and 
arenaceous material as “gutter” or channel lag deposits.  They have been recorded below the Older 
Basalts of the high plains (Howitt, 1876), and Hunter (1909, p. 4) recognised them as a feature of the 
ancestral “Watersheds” and which predates the Eocene and probably extended back to the late Mesozoic, 
and perhaps to the Permo-Carboniferous glacial deposits.  Taylor (1874) subdivided the leads of Central 
Victoria into Older Pliocene – ferruginous with marine fossils, Lower Newer Pliocene and Upper Newer 
Pliocene.  Hunter (1909) and later Canavan (1988) recognised the more ubiquitous distribution of the 
deep lead facies.  At Greendale (Plier Malone, 1984) constructed a Drought Relief water supply bore in 
buried lead sediments in the Permian fluvio glacial deposits.  Holgate (2004) reviewed the age of the 
Deep Leads and recognised sediments of Eocene, Miocene and Pliocene age leads. 
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maintain safe and dry workings.  Mineral water struck in these poorly ventilated mines often posed a 
danger or death to miners due to the carbon dioxide gas. 
 
The third phase of mining developed the auriferous quartz reefs that cut through the Ordovician 
bedrock.  The main reefs and the gold mining in the area have been detailed in the Daylesford Gold-
field (Whitelaw and Baragwanath, 1923).  The reef mines followed the quartz lodes in the great 
fissures22 of the Ordovician bedrock.  The depth of the mines exceeded 450 m and eight main lines of 
reef were worked on the Daylesford Gold-field. Central and Sutton springs fall near the southerly 
extension of the Ajax line and Hepburn and Locarno springs fall on the northern extension of the 
Frenchman Reef  - Cornish Line. 
 
 
 
Figure 18. Early reef mining on the Daylesford - Jim Crow Diggings, (Daintree, 1857, in 
Sun Pictorials).  
2.6.2 Conflicts with Gold Mining 
 
Several periods in the history of the Central Victorian Gold-fields witnessed conflict between 
interests of the mineral water tourist industry and the interests of the gold miners.  As alluvial 
mining took place in the base of the valleys the potential for impact was significant.  The early 
alluvial miners buried springs and fouled waterways with silt and detritus.  One of the early 
functions of the special mineral spring reserves was the exclusion of mining activities. 
 
Underground reef miners had the most significant effect by draining or “drying up” springs.  Many 
different reef mines contributed to the dewatering of springs.  In 1910, Hepburn mineral spring 
ceased to flow due to mining operations and a prolonged period of community action ensued.  This 
led to the forced closure of one mine and the eventual enlargement of the reserve as a safeguard. 
 
                                                     
22  The term “great fissures” as a concept dates to the early days of the Geological Survey see Daintree 
(1866) and Brough Smyth (1869).  In the context of the mineral water circulation it was used by 
Ferguson (1908), Dunn et al (1912), Skeats (1914) and Kenny (1933a). 
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2.6.3 Reef Mining 
 
Quartz mining on the Daylesford gold-field started east of the township on the Mauritius and Cornish 
lines in 1854.  The Specimen Hill, Ajax and Nuggetty reefs were opened in 1857 (Figure 19).  Old 
mining relics such as open shafts and exploration bore are potential entry points for contaminants, 
even if apparently innocuous. 
 
In 1991, following an accidental spill of water from a tailing processing dam, the Department of 
Manufacturing and Industry Development proposed “Draft Guidelines for Mining and Exploration 
in the Mineral Springs Region of Victoria”.  Although no threat to the mineral water was evident 
from the spill the wider considerations of mining impacts were considered in the draft document.   
 
 
 
Figure 19. Daylesford poppet heads at the Nuggety Trafalgar and New Specimen Hill 
mines (Whitelaw and Baragwanath, 1923). 
 
There are many issues that should be highlighted to increase the awareness of the relationship 
between mineral springs and the activities and management of the surrounding catchments.  Many 
of these issues are difficult to resolve.  Key issues are: conservation from depletion, protection 
from contamination, reserve status, recharge area protection, subdivision, drainage, local planning, 
agriculture, forestry, mining promotion, hydrotherapy, tourism and Institutional arrangements. 
 
2.6.4 The 1910 Failure  
 
Major failures of the springs have occurred in the past and provide an indication of the 
consequences of overdevelopment.  Deep underground mining between 1870 - 1920 required the 
removal of large amounts of water from the bedrock aquifer.  This resulted in the lowering of the 
water levels and dramatically influenced or stopped spring flow.  This period of adversary 
produced some benefits.  One was the recognition of the value of the mineral water.  This led to the 
first protection measures for the springs. 
 
Perhaps the most significant and major failure23 occurred between the years 1910 and 1914 when 
several deep reef mines situated to distances of more than two kilometres to the south of the Hepburn 
springs reduced and then stopped the spring flow.  Details of the mine dewatering events are found 
in contemporary records of Dunn (1910), Dunn et al. (1912), Skeats (1914) and Whitelaw and 
Baragwanath (1914, 1923). Frenchman’s Reef Mine, Mauritius Tunnel and Victory Tunnel 
developed quartz reef “fissures” and strata on the same structure as the spring, i.e. Frenchman’s Reef 
                                                     
23 Details of this event may be found in the Technical Notes on Hepburn Spring. 
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and the "Hepburn Spring Anticline".  Frenchman’s Reef Shaft was located some 1200 m south and 
was 350 m deep and it played a major role in dewatering the springs.   
 
Conflict within the Mines Department existed at several levels.  A precautionary and protectionist 
approach was adopted by geologists, a reactionary pro mining position adopted by some of the 
mining engineers and the conflicts of interest that existed at Ministerial level. The Minister Mc 
Leod was a share holder of the bottling plant and of several local Gold mines.  In a public hearing24 
the ministers failed to gauge public feeling.  The Parliamentary members were clearly sympathetic 
to the mining activities, but were concerned by the intensity of public feeling.  Eventually, one 
mine was closed by the Parliament, but internal memoranda (Laing et al. 1997) documented that 
the official position recognised that Frenchman's Reef Mine was in financial difficulties and would 
soon close anyway.   
 
Thus the Government compensated one of the mines to close, but was hesitant to extend the practice.  
This major failure represented the affirmation of the importance of the springs, but importantly for the 
management of the resource it identified another relationship.  This is the stress quality relationship  - 
under stress the water quality changes.  A pattern that follows dewatering is the loss of the 
bicarbonate alkalinity and then the flow of water.  Conversely, during recovery, the flow of the water 
returned first.  Changes in bedrock water chemistry have also been observed associated with the 
recovery of water levels on the Maldon, Castlemaine, Ballarat and Bendigo gold-fields.  
 
2.6.5 The Bottling Plant Removal 
 
At Hepburn, establishment of the mineral spring reserve in 1867 was to serve the manifold 
purposes of maintaining public access to mineral water and provide commercial access under leasing 
and licensing arrangements.  A lease to a mineral water bottling facility was established in the year 
of gazettal and gas and water were collected in cylinders, used locally and transported to 
Melbourne.  A bottling works commenced in the 1880s and in later years was operated by the 
Hepburn Mineral Spa Company.   
 
Conflict between competing beneficiaries in the reserve: the community, the Bath House and the 
bottling plant continued.  Gradually, the bottling plant with its buildings, storage and bottle yards and 
the practice of scavenging night time flow from other springs in the reserve (Laing, 1977) became 
incompatible with the community expectations, amenity of the public and requirements of the new 
generation of bath houses.  Almost 20 years after the SDC recommendation the bottling plant and its 
storage yards were relocated in 1984 (Figure 20 and Figure 21).  This enabled new landscaping of the 
reserve and enlargement of the bath house. 
 
2.6.6 Bacterial Contamination  
 
Severe events were noted in the 1960’s (Lawrence, 1965) and attributed to nearby septic tanks.  In 
the 1980’s a regular bacterial monitoring program for the mineral springs was initiated as part of 
the Health and Environmental monitoring program maintained by the Spring Committee (MSAC).   
 
Minor pollution events may follow incursion of bank storage ie. mixing with creek water and the 
washing down of local recharge as soil water percolate.  This has required the temporary closure 
and then renovation of many springs as a result.  The bacterial monitoring program has led to the 
recognition of the patterns and dynamics of movement of water near the spring eyes and in 
24 The transcripts are included in Laing et al 1997 and summarised in the Technical Notes on Hepburn Springs. 
particular the vulnerability to what appear as benign sources of pollution.  Irrigation of gardens, 
flower and plant beds beside the spring eyes has led to contamination.  A bore replacement 
program using new deep bores has been undertaken in the reserves.  Cement grouting of the upper 
portion of the aquifer to a depth of 5 - 10 m below the water table enables a supply of clean mineral 
water to be procured. 
Another important aspect of mineral water management that the bacterial monitoring has 
highlighted is the amount of mixing of waters that can occur at the springs.  Based on the flora 
levels in the adjacent creeks and streams, some of the spring eye discharges may have more than 
20% ambient water mixed with the mineral water.  This mixing can account for some of the 
variation in mineral water chemistry observed at springs.  It is an aspect of the mineral water 
chemistry that has been until now almost universally ignored.  
 
 
 
Figure 20. Hepburn bottling plant on Pavilion Spring behind Loacrno Spring (courtesy 
Laing, 1977). 
 
 
Figure 21. Comparison in Hepburn reserve, modern tourist facilities and the corrugated 
iron storage sheds of the bottling factory (courtesy Laing, 1983). 
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2.7 Special Waters and Crown Reserves – First Protection Measures 
 
From the 1850's alluvial diggers, gold prospectors and fossickers worked the gullies and stream beds 
where the mineral water discharges. The surrounding communities and the emerging commercial 
interests recognised the potential and unique character of the springs and the mineral water.  
Mining and fossicking in the base of the gullies dug up and buried many of the springs.  To protect 
the springs Crown Reserves were established.  In this process the first reserve was set aside in 
1865, at Hepburn.   
 
The mineral spring reserves were set aside for the "amusement" and benefit of the community.  
Notwithstanding, the first reserve had a Commercial extraction license for exploitation of gas and 
mineral water bottling within a year (1865) of its establishment.  This pattern was replicated at other 
reserves.  Thus, regulation of mineral water extraction by license or levy was encouraged and the 
recognition of commercial value of mineral water greatly assisted in the provision of protection to the 
springs and their outlets.  In this manner the mineral waters were recognised as a more valuable 
resource than gold.  This management concept would be challenged, but reaffirmed by the State 
Parliament in time. 
 
In total there are now 34 Special Mineral Spring Reserves (listed in Appendix 02.07).  Consequently, 
the reserves also preserve many mining artefacts and protect springs from burial and disturbance.  An 
important aspect of the Special Crown Reserve is that it formalises access to and preserves public 
equity in the mineral water resource.  This apriori entitlement has not to date been translated in the 
administration of the Water Act 1989 administration (SKM, 2004). 
 
2.7.1 Protection Zones in Mineral Spring Catchments. 
 
The concept of spring protection zones was introduced by the Shire of Daylesford Glenlyon, now 
the Shire of Hepburn.  This became the first protection for groundwater discharge zones and 
springs in the State.  The responsible authority included protection buffer zones in the planning 
schemes.   The authority required consideration of: the impact on water quality and any need to avoid 
pollution, the impact on the landscape, and the availability of alternate development sites not within 
the Mineral and Freshwater Springs Buffer.  The buffer zones were initially set at 250 m, but the 
planning scheme overlays include provision for consideration outside the buffer zones. 
 
2.8 Public Review and the State Development Committee of 1969 
 
In response to issues relating to equity and access to the mineral water by the public, bottlers, bath 
houses, and in recognition of the increasing commercial demand for mineral water, the State 
Development Committee reviewed the "Mineral Spa Water Resources of Victoria" during the 
period 1969–1970.  
 
The committee’s recommendations were non-partisan, far sighted and enlightened.  The SDC 
strongly recommendations that commercial development of mineral waters be on freehold land; 
that Government assistance be provided to renovate, or rebuild the public baths; and that mineral 
water bottlers pay royalties according to volume of extraction.  The SDC also recognised the issues 
that relate to the core of the management of these waters, namely public equity, the public right to 
access and preservation of that right in the crown reserves be unattenuated.  The recommendations 
may be found in the transcripts and final report of the Committee (1969, 1970) and the implications 
and recommendations particularly pertinent to the management and licensing of the resource are 
discussed in Shugg (1996).  Over the past three decades, many of the SDC recommendations have 
been carried out or adopted.  The commercial activity; the bottling plant was removed and 
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relocated on freehold land, the bath house has been upgraded and rebuilt with public funds, and 
much of the intent relating to reserve maintenance has been adopted. 
 
2.9 The Victorian Mineral Water Advisory Committees 
 
The mineral spring reserves and mineral water resources have been overseen by specially 
appointed Mineral Spring Committees.  Community based committees concerned with the protection 
of the mineral springs have existed since 1864 at Hepburn, predating the proclamation of the Reserve 
in 1865.  The first statutory Mineral Spring Committee was outlined in the provisions of the Mineral 
Springs Act of 1912.  The Act was introduced at the time when gold mines had dewatered the most 
important mineral springs of the region at Hepburn, Parliament25 introduced the new Act and 
provision for a Mineral Water Committee.  The first world war intervened, and it was nearly 70 years 
before the Mineral Spring Advisory Committee was formed.  In the intervening period the 
management and maintenance of the spring reserves was undertaken by the local committees of 
management usually consisting of either the local government, the Lands Department or community 
based committees.    
 
Mineral Spring Committees have had a long history of strong community involvement.  The 
Numerous new mineral spring reserves followed Mineral Water Act 1914 and the Water Act 1989  
(Figure 22).  Early mineral spring committees helped establish many mineral spring reserves.  They 
assisted in the protection, rational development and conservation of the mineral waters of the State. 
 
The recommendations of the State Development Committee (1970) accompanied a later phase of 
development and use of the resource, and one of the recommendations was for an overseeing 
committee.  This led to the formation of the Mineral Springs Advisory Committee (1987 - 1997) and 
later the Victorian Mineral Water Committee that was established pursuant to the provisions of the 
Crown Lands (Reserves) Act 1978.  The committee oversees the management of a specific water 
resource and significantly, this is carried out from outside the Water Portfolio.  
 
The VMWC’s role is defined in a Ministerially approved business plan, although a advisory body it is 
instrumental in sustaining and guiding the management of the resource. Within the functions it 
performs are; the review and recommendation of the disbursement of the of mineral water Surcharge 
funds and the provision of advice on the:  
 
? maintenance, upgrading and enhancing of “springs” infrastructure; 
? management and protection of the resource, and; 
? promotion of mineral water and mineral water based tourism. 
 
To ensure the safe access to the mineral water in its natural state the committee operates an integrated 
environmental and health testing program. 
 
The funding for the activities of the committee and the development promotion and protection of 
the mineral springs and mineral waters is reliant on the income from the Mineral Water Surcharge.  
 
The Department of Sustainability and Environment (previously Natural Resources and Environment 
and previously Conservation and Natural Resources) is the responsible authority.  The Department 
administers the Crown Lands (Reserves) Act 1978 and Crown Lands (Mineral Springs) Act 1980, 
and the public lands and reserves upon which most of the mineral springs occur.  The springs also fall 
within the provisions of the Water Act 1989 occurring in “Water Supply Protection Areas” and 
therefore fall under DSE26 and CMA27 catchment management programs pursuant to the Catchment 
Land Management Act 1994.   
25  Detailed discussion is found in the Technical Notes on Hepburn Mineral Spring Reserve. 
26  Department of Sustainability and Environment. 
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Figure 22. Chronology and size of the Mineral Spring Reserves established since 1865. 
 
Licensing or leasing to permit mineral water extraction from public land remains a joint function of 
DSE Crown Land management, and the Minister delegate in the Regional Water Authorities under 
the Water Act 1989.  In this confusing administrative malaise the role of the VMWC has been 
instrumental in developing a coordinated governance for the sustainable management of the mineral 
water resource. 
 
2.10 Conclusions 
 
In the Colony of Victoria, the springs gained popularity after the Gold Rushes of the 1850's. Most 
of the Central Victorian springs now reside within the protection of Special Mineral Spring Reserves.  
Resurgence in interest of the mineral waters is associated with “New Age” phenomena.  The 
popularity appears cyclic with great interest following the social revolution, with spas and hotels 
being built to indulge in the recreation benefits and for the procurement of potable water. 
 
Balneological development in Central Victoria is not as splendid as overseas, but has developed a 
flourishing and dependent tourist industry that has become increasingly important after the 1860’s.  
The popularity of mineral water tourism has been enhanced by the mystique surrounding occurrence 
of the mineral water and springs.   
 
Assessment of the Victorian mineral waters commenced with great scientific interest in the 1850’s.  It 
was recognised as important for the Colony to have its own mineral waters.  “The importance of such 
springs to the Colony will be readily appreciated when we consider that they are of the same class, 
and, I believe, equal in every respect to the far famed Seltzer Water of Germany.“ (Maund, 1855).  
Mineral springs were included on the earliest Geological maps of the Colony and the Geological 
Survey has made most of the meaningful investigations into the springs and their operation.  Most 
modern research projects are of short term and have been preoccupied with the curiosity of carbon 
dioxide in the waters.  The copious empirical evidence of geochemistry, bacterial contamination, 
temporal changes in flow and chemistry have been disregarded.  Processes including ascension, 
                                                                                                                                                                 
27  Catchment Management Authorities are the North Central and the Corangamite CMA’s 
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mixing, reflux, solution - precipitation, redox, heterogeneous thermodynamics of the dissociation of 
diprotic acid - Bjerrum effects , and chemical evolution have been unnoticed or disregarded.  
Mysticism still influences the core of non empirical studies and their conclusions reflect the rhetorical 
dilemma that faced the Ptolemaic theorists when the empirical Copernican theory for the solar system 
was presented. 
 
Deep reef mining resulted in the reduction or stoppage of spring flow and was evident as early as 
1870.  This provided the principal regulatory authority the Mines Department with a conundrum. 
Internally the Department was divided regarding the protection of the springs and the support for 
gold mining.  Resolution of the mineral water resource failure demonstrated that mineral water 
bottling, balneology and the local tourism industry, identified as the interests of many were 
economically more important than the welfare of shareholders in uneconomic mines.  In a perverse 
manifestation of process, the Minister for Mines had supported mining interests until reluctantly 
public agitation resulted in the Parliament closing one of the mines.  Other mines were deemed less 
of a threat due to poor mining economics and their imminent closure.  The events and resolution 
provide an interesting social commentary and insight into decision making.  Opportunistic and 
optimistic prospector groups still periodically mount campaigns to allow alluvial mining and 
fossickers back into the spring reserves.  
 
Victorian mineral water provides a 150 year history of development, conflict and sustainable 
resource management resolution and catastrophic resource failure.  The mineral waters of Central 
Victoria have undergone mixed commercial development with bathhouses, hydrotherapy facilities 
and a mineral water bottling.  Between 1969 – 1970 the State Development Committee conducted a 
major inquiry into the mineral water and spa industry and made significant recommendations for its 
development while maintaining public equity and sustainable management.  From 1987, the State 
Government has collected a levy from mineral water extractors.  This has been reinvested in the 
upgrading of the spring reserves and modernising the Hepburn bath house. 
 
The small discharge of the springs has led to competition for the resource and encroachment on the 
Spring Reserves.  This is a recurrent theme and one that threatens the sustainable management of 
the resource.  It is something that the State Development Committee recognised and should be 
guarded against.  The avarice and opportunistic developer offers little in terms of long term benefit 
to the community or preservation of the resource.   
 
Allocation and licensing of extraction was once carried out under the Mines Act and the Lands Act.  
Allocation is now administered under the Water Act 1989 in a regulatory framework that has 
followed a prior appropriation principle.  Public use entitlements have been established in the 
process of creation of the Special Mineral Spring Reserves.  The entitlements were established 
under the Crown Lands Act and its antecedents and are preserved by Parliament and inalienable.  
The sustainable administration of the mineral waters follow a long established regulatory 
framework.  The waters once with groundwater were administered under the Mines Acts.  A 
riparian doctrine is considered as inconsistent with the preservation of the resource. 
 
Important considerations for future development are the vulnerability of the springs, and how to 
maintain public equity and entitlement to the mineral water.  At many times in their history the 
survival of the resource has been compromised by externalities, by pollution, bacterial contamination, 
by reduction of flow and by dewatering by mining operations.  The local community’s value of 
balneology and hydrotherapy has on these occasions provided substantial opposition and conflict with 
other interest groups.  Public participation in determining the value of the resource is an important 
element of sustainable management.  In a changing landscape the Local Planning Schemes have 
been used to protect and buffer the spring discharge areas.  Similar conditions for the recharge 
areas do not currently exist.  
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The Victorian Mineral Water Committee plays a paramount role providing a forum that recognises 
the limitations and characteristics of the physical system, while integrating the realities of 
governance and regulatory processes.  The committee provides a template for the integrated water 
resource management.   
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3 Geological, Structural and Petrological Setting 
 
Summary 
 
The geological setting of the mineral waters provides information on the source matter available for 
the chemical evolution of the groundwaters and the availability of fissure conduits for the flow 
systems. 
 
After more than 150 years of study, many aspects of the mineral water systems have become 
clouded by geological rhetoric.  Some aspects of Victorian geology became simplified and “layer 
cake”, intimate knowledge of the subsurface has been lost with the passing of time.  Weathering 
profiles have been identified with single or several multiple periods of intense activity.  Typically 
associated with the Upper Pliocene considered a period of tectonic quiescence resulting in 
peneplanation and lateritisation.  Philosophically a uniformitarianism approach is suggested for the 
rates of weathering.  Some thick chemical weathering profiles on the bedrock of Central Victoria 
suggest survival from severe mechanical wasting and erosion from the late Cretaceous times.   
 
The current study has provided an opportunity to work beyond the mythology and review the 
structure, geological units, lithology, failures and chemistry of the rock mass and how these 
elements provide a framework for the development and dynamics of the mineral water flow 
systems.   
 
This methodology recognises the nuances of established disciplines associated with of geological 
mapping and mineral exploration.  Prejudices parti pris or preconceived ideas exist for carbonate 
abundance, levels of metamorphic alteration, retention of primary porosity, continuity of fault 
swarms, depth of meteoric groundwater circulation, volcanic activity, static tectonics, episodic rock 
mass alteration.  Many of the weaknesses have developed in the decades after the closure of the 
deep reef mines and geological description has been derived of the eluvial mantle – the weathering 
profile.   
 
The green schist metamorphic facies of Central Victoria accommodates unconsolidated sand, 
porous grit and sandstone, that were noted in concretionary balls by Aplin and Ulrich (1861).  
Weathering profiles are elutriated to depths of more than 20 - 60 m.  Early gold field workers 
(Brough Smyth, 1869) recognised that the elution of carbonate took place above the water table.  
Below the water table carbonates are present as diagenetic iron rich dolomite or ankerite and form a 
minor proportion of the rock mass (0.5% - 2%).  The occurrence of the calcite rich cone-in-cone 
limestone or saccharoidal has been expanded to include the Daylesford Gold-field. 
 
One of the most significant features of the examination of the rock mass and the literature on the 
gold-fields is the documentation of the dimensions of the great fault fissure systems.  These occur 
in swarms or belts of reefs and have been mapped in gold mines sections and on the geological 
maps.  The linear extent of these faults can be traced in meridional belts contiguous over distances 
of at least 20 - 40 km.  The depth of circulation of water in the fissures is open to speculation, but 
water in the fissures has been observed in the deepest sections of the deepest mines, to depths of 
1.6 km.  Movement on the faults is still evident, if gradual, it serves to keep them dilated, and the 
solution and deposition of quartz and other reaction products are persistent, and evident by the 
composition of the circulating groundwaters.  Particularly disconcerting to conservative thought in 
geology is the depth of circulation of meteoric water and contemporary rock water reactions that 
take place, that obviate the static concepts that have dominated mineral exploration theory.  
 
To progress the understanding of the mineral waters of Central Victoria it was necessary to 
recognise that carbonate is abundant in the rock mass and that the great fissure systems exist in 
meridional fault belts associated with lithological control.  These faults act as conduits for the deep 
circulation of meteoric waters in flow systems that extend to depths of kilometres and persist for 
tens of kilometres from recharge areas. 
 
3.1 Introduction 
 
Development of an understanding of the groundwater flow systems rests upon extending the 
geological framework to accommodate the development of an understanding of the transmission 
characteristics of the rock mass.  In porous media, either stratigraphic or rock units correspond with 
the hydrogeological unit.  In fractured media, resolution is different and significant departures exist 
between the interests of stratigraphic mapping and delineation of hydrogeological flow systems.  In 
Central Victoria mapping is handicapped by weathered or obscured exposure.  The fine resolution 
of surface mapping is largely based on biostratigraphy.  On a local scale, mining archives can be 
utilised to provide an insight into the hydrogeology of the fractured rock media.  Groundwater 
bores are seldom deeper than 50 m while mines and mineral exploration bores are up to 1.6 km in 
depth.  
 
The structure and lithological distribution of the Lower Palaeozoic rocks of Central Victoria has 
been considered from the Australian continental distribution (Figure 23).  It is in this wider context 
that the diversity of depositional facies and sediments can be appreciated.  This is particularly of 
interest with the occurrence of carbonates, graphitic sediments, grits, conglomerates, porous 
sediments and the degree of metamorphism. 
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Figure 23. Geographic distribution of Ordovician sediments in Australia. 
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An examination of the structural setting of the mineral waters in Central Victoria has been made 
within the Tasman28 Orogenic belt in the south eastern portion of Australia.  The strata in Victoria 
represents only a small enclave of Ordovician strata that extends nearly the width and breadth of 
the continent (Figure 23).  The Ordovician basins: New England, Georgina, Officer, Amadeus, 
Canning, Ballarat, Melbourne, Wagga, Hill End and Tasmanian have a wide range of sedimentary 
facies.  These include: marginal shallow shelf and carbonate deposits to sandstone shale sequences 
representative of flysch.   
 
3.2 Physiographic Setting 
 
The Mineral Springs of the region of Central Victoria occurs near the crest of the Great Dividing 
Range.  The stream systems are complex with a parallel to trellis drainage developed and disrupted 
by the outflowing of Quaternary Basalt.  This has resulted in a superimposed subsequent drainage 
pattern.  In the upper catchments the topographic relief between the valley base and the interfluve 
ridges is around 250 m.  The land surface is moderately dissected and falls from 770 m at the Great 
Dividing Range to around 420 m near the Muckleford fault about 4 km to the west of the township of 
Daylesford.  That is a gradient of about 1:12 - 1:18 or 0.042 - 0.063 (degrees). 
 
The main north flowing streams in the district are the Campaspe and Coliban Rivers and Jim Crow 
Creek and Spring Creek which are tributaries of Loddon River.  On the southern side of the Great 
Divide, which is located a few kilometres to the south of Daylesford are the head waters for the 
Werribee, Moorabool and Lerderderg Rivers (Figure 24).  The drainage pattern reflects the structure 
of the bedrock system, the main streams follow a meridional trend, parallel to the fold axes.  The 
lesser tributaries also sometimes follow the directions of the conjugate fault systems. 
 
The Loddon, Campaspe and Coliban are perennial streams.  Second order streams and local gullies 
have much the higher gradients.  These higher order streams tend to be ephemeral.  The rainfall 
runoff coefficient for the landscape around Daylesford is about 40%. 
 
The trunk thalweg or gradient of the Loddon's upper tributaries of Jim Crow Creek and Spring Creek 
varies from 0.05 to 0.1 (ie. a 3 - 6 degree slope).  The average gradient of stream drainage channels in 
the district is around 0.05, a relatively steep horizontal hydraulic gradient.   
 
The groundwater gradients are slightly less than this. From an observation bore at the top of the 
drainage divide (Wombat 69) to Hepburn Reserve bores the fall of the watertable elevation is about 
175 m this compares with the surface elevation falling by 220 m.  The surface gradient was 0.07 and 
the watertable gradient was 0.06.  The depth to the watertable at the divide was around 30 m.  The 
more elevated portions of the landscape which are underlain by basaltic rocks have usually been 
cleared for farming purposes.  
 
3.3 Geological History and Setting – the Legacy of the Subsurface 
 
The Central Highlands of Victoria are composed mainly of Lower Ordovician rocks that have 
undergone low grade regional metamorphism sometimes attaining the greenschist29 facies.   
 
The rocks are deeply weathered and draped in a thick mantle of kaolinised material that may extend 
30 – 100 m below the surface.  This crust obscures the nature of the fresh rocks, and its lavation 
their mineralogy.  Apart from a few modern mineral exploration bore holes, records from the 19th 
Century gold mines provide the only opportunity to explore the subsurface characteristics of these 
28 The Tasman Orogenic belt has also been referred to as the Tasman Geosyncline and the Tasman Fold Belt. 
29 The greenschist facies is a low pressure - low temperature regime, in Central Victoria its mineralogy is 
characterised by the presence of chlorite, sericite, albite and graphite.   
rocks.  In Central Victoria the importance of the historical observations was referred to by Willman 
and Wilkinson (1992).  
 
 
 
Figure 24. Topographic Units of the springs region of Central Victoria.  
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“Dunn (1893, 1896) discussed the nature of the quartz reefs at Bendigo 
and included his maps in these reports which are the primary sources for 
information on Bendigo especially for many of the original observations 
and diagrams.” 
 
In Victoria by the 1900’s access to the underground was limited.  A key method of geological 
prosecting became the examination of rocks brought to the surface, and retained in mullock heaps.  
Though much of his material has now been greatly degraded good specimens still may be procured. 
 
The western most section of the Tasman fold belt, underlies most of Victoria (Figure 23).  The 
Lachlan Fold Belt has experienced a complex geological history that has involved several periods 
of deformation.  It is characterised by a 2 – 5 km thick, 800 km wide zone of Ordovician to 
Devonian marine sediments (Gray, 1988).  In the highlands of Central Victoria these rocks are fault 
bounded by Cambrian greenstones.  The greenstones are possibly remnants of ocean floor basalt.  
 
In Central Victoria, there are three regions of distinct tectonic development, that are separated by 
northerly trending faults greenstone axes.  West of the Heathcote Axis (Figure 25) lies a thick 
sequence of strongly deformed and fractured Lower Ordovician rock, that consists of a 
predominantly sandstone - shale sequence, many of the sandstones exhibit grading which suggests 
deposition from gravity currents.   
 
Following a period of consolidation and several phases of deformation, the Palaeozoic sediment 
pile was intruded by granitic rocks.  These intrusive rocks have been dated as Lower Silurian to 
Upper Devonian in age (Bowen, 1975).  Regional scale metamorphism beyond the greenschist 
facies is observed in the Ordovician rocks of the Omeo district of north eastern Victoria (Joplin, 
1968), where the dominant rocks there are mica schists and gneisses.  In Central Victoria the 
regional metamorphism was of lower intensity, at Glenlyon several intervals of unconsolidated and 
porous sandstones were intersected in the bore Glenlyon 430.  
 
In the Upper Palaeozoic, continental fluviatile sedimentation persisted.  Permian fluvioglacial 
deposits are preserved in small fault bound grabens in the Bacchus Marsh area. 
 
The alluviated valleys originating in the highlands have evolved over several episodes of 
rejuvenation and backfilling.  The intensity of activity increased after the Cretaceous.  
 
Continued warping and differential movement on faults has continued with varying intensity.  Hills 
(1975) described several cycles of uplift, erosion and dissection.  Other workers, such as Wellman 
(1979), suggested that there has been constant uplift of the highlands over the last 45 million years.  
Movement observed on the Muckleford Fault suggests that crustal relaxation is ongoing with 20 m 
displacement since the Pliocene.  The earlier interpretation may reflect geological philosophy in the 
assessment as singular catastrophic episodes rather than the cumulative contribution of many 
smaller events.  Seismic records for Central Victoria suggests that crustal adjustment is ongoing, 
and consistent with the accumulative impact of many small events.  The coastal sedimentary basins 
provide evidence of the minor movements with periods of lower structural ambience.  Importantly 
changes in the crustal stress fields may result in resurgent faulting where fault movements are 
reversed.  Permian - Cretaceous and Lower Tertiary sediments preserved in small fault bound 
basins in Central Victoria such as Stony Creek at Daylesford, Lal Lal near Ballarat and the 
Greendale and Bacchus Marsh basins may be attributed to the reversal of movement on some of the 
bedrock faults. 
 
 
30  Refer to the Technical Notes on Glenlyon Recreational Reserve for details of the bore. 
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Figure 25. Regional Structural Elements of Central Victoria showing major faults and 
granitoid massifs. 
 
3.4 Regional Stratigraphy 
 
The Daylesford district is dominated by the outcrop of weathering Lower Palaeozoic Ordovician 
sediments which forms the bedrock of the region (Table 3).   
 
Table 3. Summary of the Geology of the Daylesford District of Central Victoria. 
 
Age Description 
Recent Alluvial detritus, soil and creek and gully deposits 
Pleistocene Alluvial terraces in river valleys 
Upper Pliocene Basalt, tuff and basaltic dyke suite 
Pliocene31  Fluviatile clays, gravels and lacustrine ligneous clays and diatomite 
Lower Tertiary - Upper Cretaceous Lamprophyre and monchiquite dykes 
Permian – Triassic – Jurassic  
Upper Devonian Granite, adamellite and porphyry dykes 
Lower Ordovician Black pyritic shales, siltstones, greywacke, arkosic sandstones, 
saccharoidal marble – cone in cone limestone and quartzose grits 
Cambrian Shales, cherts volcanics and greenstones 
 
                                                     
31  The Deep Leads in the Daylesford area are sub Newer Basalt and here assigned to the Pliocene, the facies 
is diachronous and ages vary throughout the Cainozoic, and include Upper Miocene and Eocene 
(Holgate, 2004) and perhaps even older sediments also (Hunter, 1909). 
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The bedrock has been intruded by granitic rocks of Devonian age, and cut by several generations of 
dykes.  Mass wasting is actively deepening weathering profiles on the bedrock and these have 
dissected by fluviatile action.  In the Pliocene period fluviatile and lacustrine sediments that occupied 
lower parts of the landscape were buried below flows of Quaternary basaltic lava.  The basalt 
disrupted the drainage system small lakes and lateral streams developed.  The streams cut new 
channels.  The thalwegs of the ancestral Pliocene and older Deep Lead drainage systems and the 
modern streams cross within 20 km of the modern divide. 
  
The buried rudaceous and arenaceous fluviatile sediments that form the Pliocene32 “Deep Leads” of 
the region were covered by either Pliocene Newer Basalts or younger alluvial sediments.  The Deep 
Leads have been mined for their alluvial gold content.  Near the crest of the Great Dividing Range 
Deep Lead age sediments may also occur as remnant outliers or as caps to many of the hills and spur 
ridges.  North of the Great Divide the outcrop of basalts can be traced down the ancestral valleys of 
the Loddon, Coliban and Campaspe Rivers.  To the south and west of Daylesford the development of 
the basaltic rocks is more profuse, the lava plain covers the landscape and eruption points abound. 
 
3.4.1 Cambrian 
 
Cambrian rocks occur as narrow, fault bounded near vertical slices that have been upthrust.  The 
Cambrian rocks form complex zones and in Central Victoria are exposed along three major fault 
lines, known as the Heathcote, Mt Wellington and Mt Stavely Axes. The rocks have been subject to 
a high degree of deformation and are intensely sheared and serpentinised.  Based on the 
interpretation of aeromagnetic data the greenstone belts extend northwards beneath the Murray 
Basin. 
 
Cambrian age strata dose not outcrop in the immediate vicinity of Daylesford, however these rocks 
almost certainly occupy the core of some of the anticlinoria in the region.  In the eastern part of the 
Bendigo Gold-field Cambrian rocks are exposed and consist of basic igneous derivatives, shales and 
cherts.  A summary of the Cambrian stratigraphy has been presented in Table 2 below and is pertinent 
to the mineral water occurrences in the Heathcote – Knowsley East area: 
 
Table 4. Characteristics of Cambrian Strata in different areas of Victoria 
Age Area 
 
Formation Characteristics 
Lower Ordovician Noted by the appearance of the first greywackes 
Cambrian  
Upper unit Heathcote Goldie Shale 6000 m sequence of a predominantly black shale 
 Waratah Bay  Pyroclastics which grade into Lower Ordovician 
limestones 
Middle unit Heathcote Knowsley East 
Formation 
150 m of shales and ash beds, Mt William Group 
cherts with thin ash beds 
 Dolodrook  Some limestones amongst tuffs 
Lower unit Heathcote  Greenstone, basalts, dolerites, albitised granite, 
quartz, carbonate rocks, talc and actinolite schists. 
 
The depth of groundwater circulation exceeds 1000 m and consequently, therefore some appraisal of 
the non outcropping rocks to which the groundwater may be exposed have been included in this 
                                                     
32 The “Deep Leads” were subdivided on the Quarter Sheets into three groupings (Hunter, 1909) and some leads 
have been equated with feeders to the more basin ward Calivil Formation by Macumber (1973).  Tickell 
(1977, p.29) considered that they were probably not younger than Upper Pliocene and may be as old as 
Upper Miocene.  In the Goulburn Valley however Deep Leads have been found to include Eocene 
equivalent Renmark Group (Heislers, 1993), which is consistent with the sub Older Basalt leads of the 
Dargo and Bogong High Plains. 
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summary.  The Upper Cambrian unit the Goldie Shale or its equivalent, is a black shale facies, and is 
the most likely unit of Cambrian strata to be exposed to deep circulating groundwaters.   
 
3.4.2 Ordovician  
 
A sequence of shale and sandstone was deposited during the Lower-Middle Ordovician (Cas and 
Vandenberg, 1988).  Individual beds commonly vary between 0.05 and 15m thick and the sequence 
tightly folded about north-south axes.  These folds persist for many kilometres.  A slaty cleavage is 
common in shale beds, but fractures are better developed in the more competent sandstone units.  
The sediments are faulted parallel to strike and along bedding planes.  The total thickness of the 
Ordovician sequence is estimated as being several 1000 metres (Beavis, 1976).  The Ordovician at 
Darraweit Guim has a conformable transition to Silurian bedrock (Gray, 1988).  
 
3.4.3 Silurian - Devonian 
 
Vandenberg (1988) described the Siluro-Devonian rocks of the Melbourne Trough (Figure 23), that 
are cradled between the Heathcote and Mt. Wellington greenstone axes.  The sequence is composed 
of a thick pile of turbiditic mudstone, siltstone, sandstone, conglomerate and minor limestone.  
Deformation is more acute along the eastern margin.  Elsewhere, broad north-south plunging folds 
persist.   
 
Jointing occurs in many directions, but it is common for it to be sub-parallel to bedding.  Jointing is 
more prominent in sandstone, whilst axial plane cleavage is common in fine grained sediments.  
 
During the Siluro-Devonian period, the Palaeozoic bedrock was intruded by granitic magma. 
Sedimentary rock are metamorphosed and form resistant ridges of hornfels or quartzite.  Many 
granitoids exhibit orthogonal sets of joints (Marsden, 1988).  
 
3.4.4 Permian – Triassic – Jurassic 
 
The small outcrops of Permian glacial rocks are in the Bacchus Marsh and Heathcote districts.  
Most outcrops consist of poorly indurated tillite and fluvioglacial sandstone and mudstone.  There 
is substantial evidence to suggest the local preservation of glacial rocks in downª faulted structures 
such as the Greendale Graben between Blackwood and Ballan.  At one location, the Permian near 
Bacchus Marsh attains a thickness of 1100m (Bowen and Thomas, 1988).  
 
3.4.5 Dykes 
 
Dyke rocks of several different ages cut through the Lower Paleozoic bedrock of the area.  Feldspathic 
dykes are associated with the Lower Palaeozoic or Devonian igneous granitic intrusives.  Crustal 
activity in the Mesozoic produced the lamprophyres and monchequites that are more common in the 
Bendigo Gold-field and Upper Tertiary volcanism was accompanied by basaltic dyke rocks which are 
common in the Daylesford Gold-field.  Dunn (1896) observed that quartz reefs cut the Pliocene – 
Pleistocene limbergite dykes.  Bradford (1903) made similar observations in the Jordon Mine at 
Harrietville in North Eastern Victoria. 
 
The orientation of the dykes occurs in two predominant directions in the Daylesford area (Table 5).  
Firstly, those with near meridional strike and secondly the north of east strike are the most common.  
Data from the parish Geological maps of Foster, Krause and Ferguson have been summarised to 
illustrate the orientation patterns.  The dip of the dykes is mainly close to vertical, but some may have 
shallower dips of around 50 degrees.  Dykes have been displaced by faults by 27 – 110 m. 
 
The basaltic dykes near Daylesford cut through Pliocene Deep Lead sediments and dislocate the 
Leads.  Dykes in the Daylesford mines have been cut by movement of the quartz veins, ie. movement 
events on the structures.  In the Ajax Mine (Baragwanath and Whitelaw 1923 fig.2 p.10) dyke rock has 
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been carbonatised at the junction with quartz reefs.  Evidence of the highly reactive character of the 
mineral waters. 
 
3.4.5.1 Dyke Rocks and their Hydrological Role 
 
Dykes may influence the circulation of groundwater, because fracture free dykes and weathered dyke 
material may impede the circulation of groundwater.  Skeats (1914) recognised that mineral water at 
Hepburn preferentially flowed along zones of major structural discontinuity associated with the 
bedrock faults and further postulated that the flow may be impeded by the presence of dykes.  The 
damming of groundwater flow by dykes has been recognised by Stearns (1940 in Davis and De 
Weist, 1966) in the volcanic aquifer systems of the Hawaiian Islands, but little published evidence 
exists in Central Victoria to support the hypothesis.  At shallow depths in the weathering profile 
weathered dyke material in meridional dykes may assist in confining the flow to narrow structural 
corridors, while cross meridional faults (Table 5) may locally pond groundwater flow.  Much of this 
is speculative and is not supported by the results of drilling in the mineral spring reserves where 
closely spaced drilling has been undertaken.  
 
Table 5. Orientation of different dyke rocks in the Daylesford Region. 
 
Site Dyke Rock Meridional Cross Meridional 
Blackwood Area    
 Basaltic  345o – 355 o 290 o 
 Feldspathic  280 o – 300 o 
 Granite  300 o and ring dykes  
Korweinguboora  345 o – 355 o 275 o – 295 o 
Moorarbool East    
 Basalt 350 o – 10 o 250 o 
 Feldspathic 330 o – 350 o  
 
Some of the dykes in the region have been traced at the surface for about 5 - 6 km along strike.  Below 
the influence of the weathering processes, dyke rocks are brittle and subject to deformation with the 
enclosing strata, and therefore should not offer an impediment to flow.    
 
Deformation of the rock mass continues in the modern era.  In Central Victoria significant 
examples of the continuing mobility of the bedrock faults are evident at: Turpin Falls north of 
Kyneton where a thrust fault carrying mineral water is projected from the Lower Ordovician bedrock 
and shears the overlying Pleistocene basalt33.  In Anthony's Cutting (Figure 30) east of Djerriwarrh 
Creek near Bacchus Marsh the Lower Ordovician has been thrust over the Pliocene basalt with a 
movement of around 2 m.  On the Loddon River near Guildford Deep Lead and Pleistocene basalt 
have been displaced by the west dipping Muckleford thrust fault.  
 
3.4.6 Pliocene  
 
Tertiary deposits in the Highlands include sedimentary gravels, clays, diatomites and ligneous 
sediments that were deposited in lake environments.   
 
The Lower Pliocene sediments in the area consist of well rounded quartz gravels and quartzite 
shingle.  Exceptionally large boulders have been found in the wash.  These deposits form leads and 
"reef wash", the leads were up to 120 m wide.  The grades of the lead thalwegs were not steep and 
suggest positions lower in the stream tract.  Vertical separation between the thalwegs of the 
Palaeocene and Pliocene rivers may be explained by divide migration in the catchment head waters. 
 
                                                     
33  Details of the shear are discussed in the Technical Notes on Turpin Falls Mineral Spring. 
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The Lower Pliocene sediments as Deep Leads have been extensively mined for gold around 
Daylesford and to the west in the Ballarat, Creswick and Clunes areas.  The miners identified three 
types of wash; grey, red and black with pyrite.  Gold grades in the Deep Leads varied widely, from 
around 10 ppm or less (Hunter, 1909 and Canavan, 1988).  Water in the Deep Leads was often a 
problem of differing intensity depending on the location in the lead system.  Hunter (1909) examined 
the water balance for the Deep Leads and concluded that in the recharge areas 10% of the rainfall 
recharged the leads, and estimated rates of replenishment of the water in the Deep Lead systems.  
 
Mid to Late Tertiary valley backfilling resulting in deposition of the coarser grained Calivil 
Formation.  The Calivil Formation either rests directly upon bedrock or is incised into Renmark 
Group.  As the highland valleys enter the northern plains, the Calivil Formation fans out and 
interfingers with the Parilla Sand. Tickell and Humphrys (1986) identified the difficulty in 
separating formation in the Goulburn Valley south of Shepparton.  The thickness of the Tertiary 
alluvial deposits often reaches 100m in the highland valley tracts (Heislers, 1993).  In the Western 
Highlands, elevated remnants of sands and gravels are strongly ferruginised or silicified. 
 
Late Tertiary stream incision removed much of the Lower Tertiary Renmark Group sediments from 
the highland reach of the Loddon River Valley (Macumber, 1984).  However in some instances 
Renmark Group can be traced into the highland reaches of valleys, and is observed in the upper 
Campaspe and Goulburn Valleys (Tickell, 1977), though on the basis of lithology alone the 
Palaeocene – Eocene and Pliocene sediments are difficult to distinguish. 
 
3.4.7 Newer Volcanics 
 
There were several major periods of volcanic activity in Central Victoria during the Cainozoic, 
these occurred in Palaeocene-Eocene and later in the Plio-Pleistocene period (Wellman, 1974).  
Basaltic lavas flowed down the ancestral valleys of the Central Victorian Loddon and Campaspe 
river systems.  Plio-Pleistocene basaltic rocks and pyroclastics up to 120 m thick have been extruded 
in the region.  A number of well preserved eruptive centres occur near Daylesford.  The basalt flows 
are strongly jointed and have a variable texture from dense crystalline to vesicular and scoriaceous.  
Rich red loamy porous and permeable soils are developed on the basalts.  In the catchment uplands 
around the margin of the basalt outcrops small but perennial fresh water springs issue at the contact 
with the underlying weathered bedrock.   
 
3.4.8 Pleistocene – Recent  
 
The Pleistocene to Recent history of alluvial sedimentation in the highland valleys is recorded as a 
series of terrace sequences.  These have tentatively been associated with the Late Cainozoic 
deposits of the Murray Basin (Jenkins, 1988).  Depending upon the extent of soil and point bar 
development, these unconsolidated alluvial units are assigned to either the Shepparton or 
Coonambigal Formations.  In the upper reaches of the valleys the classification is tenuous because 
of the bioturbation.  
 
Recent sediments are restricted to creek and gully deposits, hillside wash and fan deposits associated 
with gully erosion.  The sediments are around 10 m thick and have been developed in and border 
small creeks and gullies in the area.  These sediments were severely masticated in the Gold Rushes of 
the Fifties.  Soils or the upper layers of the soil were removed from large areas of the Central 
Victorian gold-fields and puddled for the gold content.  In the lower Loddon valley around Newstead 
and Guildford the alluvial sediments were dredged.  One of the benefits of dredging of the previously 
mined land was the resoiling that took place Dickinson (1939).  
 
3.5 Regional Structure 
 
The Palaeozoic sedimentary rocks of Central Victoria have undergone at least five major periods of 
deformation involving faulting, folding and intrusion of igneous rocks.  The lateral compression 
during periods of orogenic and tectonic activity resulted in the tight folding and shattering of the rock 
mass with extensive thrust faulting. The nature of the deformation varies from west to east across the 
gold-fields of Central Victoria.  Several intense orogenic periods of crustal deformation are known as 
Table 6.  Artefacts of the tectonic events are the structures and faults that have been mapped in 
Central Victoria (Figure 25).  These features are of great importance in providing pathways for the 
movement of groundwater through the corridors of fissured rock mass.  The compressional events 
were followed by periods of extension in which deposition in subsiding basins continued in the 
Tasman belt. 
 
Table 6. Palaeozoic Orogenic Events. 
 
Period Tectonic Event 
Early Carboniferous Kanimblan 
Late Devonian Tabberabberan 
Late Silurian Bowning 
Late Ordovician Benambran 
Early Ordovician Delamerain 
 
3.5.1 Folding 
 
In Central Victoria the rock mass has been extensively contorted, corrugated, fractured and faulted.  
Folding is generally asymmetric and fold axes pitch at shallow angles of 5-10o.  In the Daylesford 
region the limbs of the anticlines are steeper on the western side, with dips of 70o-80o, the eastern 
limbs dip at 45o-60o.  The asymmetry of the folding refracts the thrust faults found in the 
Daylesford Gold-field as they cut through the rock mass.  The synclines are not generally as 
significant as structures as the anticlines.   
 
 
 
Figure 26. Syncline and spurs with seepage from the bedding plane Blackwood Mineral 
Spring Reserve, 40 m west of the Great Extended Tunnel. 
 
Small local structures consisting of anticlines and synclines have a wavelength of around 40 - 200 m 
between axes, but some of the large structures on the Daylesford Gold-field were larger with the Ajax 
anticlines east limb being 300 m, the Cornish 250 m and the Rising Star was 230 m.  In the "Dry 
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Digging's" north of Daylesford 10 anticlines were encountered in a distance of 2400 m.  The fold axes 
are inclined eastwards, but overthrusting at depth has caused an apparent straightening up of the axes. 
 
An example of the folding at Hepburn Mineral Spring Reserve identifies three main anticlines and 
Figure 28.  The anticlinal axis that passes about 40 m east of the Pavilion Spring is known as the 
Hepburn Springs Anticline (Whitelaw, in Dunn et al. 1912)34. The Hepburn Spring Anticline was 
considered by Whitelaw and Baragwanath (1914) to be the northern continuation of the Cornish 
Anticline.  This structure could be traced almost continuously southward from Hepburn under the 
Daylesford township and beyond Cornish Hill, past Jubilee Lake and to the New Specimen Hill mine 
a distance of more than 7 kilometres.   
 
The special significance of the folding is that the thrust faults cutting the limbs of the folds form long 
linear semi planar conduits.  The collective of these structures affords a linear labyrinth of dilated 
conduits for the movement of fresh groundwater to great depths in the rock mass. Most of the 
Ordovician strata in Central Victoria has been intensely folded and corrugated.  The folds are the 
result of lateral compressive stress.  The folding is moderate to intense according to the degree of 
competence of the strata.   
 
Fold frequency is related the bulk modulus of the rock mass and to the thickness of the competent 
beds.  The empirical relationship between the fold wave length is 27 times the thickness of the 
dominant competent member (Badgley, 1965).  This relationship defines useful "structural lithic 
units".  At Daylesford, the competent beds are single and composite sandstone beds and are 1 to 10 
metres thick.  Based on the empirical numeracy the folds are 30 to 300 m apart (Figure 27).  The 
same relationship can be applied to the Lower Palaeozoic Grampians Group Sandstone in Western 
Victoria where the beds are around 100 m thick and a consistent field fold frequency of 2.5 km is 
recognised. 
 
The collective agglutination of simple small structures into larger anticlinoria and synclinoria with 
centroclinal and quaquaversal dips has been recognised with the aid of biostratigraphic control using 
the graptolite fossil assemblages (Harris and Thomas, 1937).  The "Dean dome" mapped as a 
brachyanticlinorium by Thomas (1939) has a core of Lower Ordovician Bendigonian black shales.  
Many subsidiary structures have been observed.  Intense and tightly folded anticlinorium and 
secondary structures are aligned in a series of north south trending axes. 
 
It is probable that several periods of folding have occurred and that further contortion of the strata has 
resulted from cross folding.  The dip of the Ordovician beds is steep asymmetric and usually exceeds 
60 degrees. On the Ballarat Gold-field to the west “tight asymetrical folding reflectes the 
incompetance of the Ordovician beds and the amount of anisotroppic strain induced during their 
deformation, suggests folding in poorly consolidated sediments and occassionsally with intrafolial 
deformation.  Beds are frequently overturned and fold axial surfaces occassionally dip either east or 
west”, (Elliott, 1977).  It is difficult to ascertain how much of the folding took place in the early part 
of the Ordovician, but it seems likely that the trends were set.  In the middle of the Tasman fold belt 
orogenic movement occurred at the close of the Ordovician or in the early Silurian (David, 1950).  
The Upper Ordovician Benambra Orogeny produced fold movements and extensive thrust faulting. 
 
3.5.2 Faults and Faulting 
 
The faulting like the folding in Central Victoria has been recognised partly on palaeontological 
grounds (Harris and Thomas, 1934, 1937 and Thomas, 1939) and has been especially studied in the 
underground workings (Dunn, 1896, 1909; Baragwanath, 1923; Whitelaw and Baragwanath, 1923; 
Wilkinson, 1977; and Wilkinson and Willman, 1992).  The large scale - principal faults in the region 
in the basement rocks are the; Muckleford, Whitelaw, Djerriwarrh, Sebastian, Rowsley, 
Campbelltown and Hanover faults (Figure 25).  Significant faults recognised in the region are the 
34 Details are reproduced in the accompanying Technical Notes on Hepburn Mineral Spring. 
Whitelaw fault at Bendigo with a vertical throw of around 1500 m (Harris, 1934). At Heathcote the 
Mc Ivor and Mt Ida faults35 bring Cambrian into contact with Upper Silurian and Devonian sediments 
and indicates a stratigraphic displacement equivalent to 13,000 m.  It is clear that movement on the 
faults has been repeated at more than one epoch and that they remain active in the modern era. There 
are no mineral springs directly associated with the major fault lineaments.  The springs and mineral 
water instead are associated with lower order failures. 
 
On some of the faults the younger movements may have reversed.  An active fault however maintains 
open conduits for the circulation of fluids.  The major faults have lesser sympathetic failures that also 
act as conduits for the circulation of fluids.  Deep seismic profiles in the basement rocks of Central 
Victoria were presented by Gibson et al. (1981) and show the continuation of these structures till their 
dip shallows as they approach deep decollement surfaces (Figure 29).  The Moho seismic 
discontinuity36 is at a depth of approximately 35 km below the Melbourne - Ballarat - Bendigo zones.  
The estimated true thickness of the "turbidite sequence" is 2.2 km at Bendigo and 3.6 km at 
Lancefield (Beavis, 1976).   
 
In the Ballarat slate belt Gray and Williams (1991) described four major structural thrust sheets; the 
Campbelltown, Muckleford, Whitelaw, and Heathcote (Figure 25).  Most of the discharge zones for 
the mineral water occurs within the Muckleford - Whitelaw thrust sheets.  Discriminatory 
occurrences are those at Dropmore, Yea, Mansfield, and the Somerton – Donnybrook mineral water 
occurrence.  A major detachment occurs at 15 - 20 km (Gray and Williams, 1991), this separates the 
upper crust “turbidites” and meta volcanics from the lower crust presumably of Proterozoic age.  The 
faults (Figure 29).are interpreted as having a listic form, ie steep dips at the surface but shallowing 
dramatically at depth, of around 5 km 
 
 
 
 
Figure 27. Anticlinal fold frequency between the Ajax and Cornish Lines on the 
Daylesford Gold-field (Whitelaw and Baragwanath, 1923). 
                                                     
35 A description of the regional faults is presented in Appendix 03.03. 
36  The MOHO or Mohorovicic discontinuity is a seismic discontinuity and is assumed to relate to the chemo-vico 
boundary associated with the transition from continental (continental SiAl < 6.2, oceanic SiMa < 7.6 
km/s) to high velocity (Eclogite Peridot > 8 km/s) mantle material. 
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Figure 28. Hepburn catchment plan with geological section showing positions of mines 
(modified from GSV Plan No. 1239/M). 
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Figure 29. Deep crustal seismic profile for Central Victoria (after Gray and Wellman, 
1991).  
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3.5.3 Hierarchy of Failures 
 
The size and importance of failures in the rock mass as structural elements may be ranked from those 
of global importance to those of microscopic scale.  Categorisation within these bounds is largely 
subjective and a classification is outlined in Table 7.  This is based on mappability and the potential 
for conduits to transmit groundwater.  The combination of discontinuity continuum and dilation 
serves to provide conduit networks that penetrate to great depths in the earth’s crust.  In the fractured 
rock aquifers of the region the intensity and persistence at depth or conversely the dilation at shallow 
depths determines deep and shallow groundwater movement.  Many failures in the rock mass 
continue to evolve in time, small movements shatter and maintain the faults dilatancy and preserve its 
role in the movement of groundwater.  
 
In Central Victoria, the lineaments and faults fall in four of the categories (Table 7).  The Regional 
Lineaments occur as the Heathcote axis and its associated faults, such as the Mc Ivor Fault, examples 
of the Principal Fault lineaments include the Whitelaw Fault at Bendigo and the Muckleford Fault 
west of Daylesford.  The lineaments have been mapped on geological plans and on cross sections of 
the mines.  The poor exposure of the weathered Ordovician rocks masks most of these features.  
 
Table 7. Suggested Hierarchy Of Failures With Relevance To Groundwater Flow.  
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The Major Fault were found in the gold mines as steeply dipping thrust faults parallel to the fold axes 
have been identified as conduits for the circulation of waters.  The major fissures were recognised and 
mapped as west dipping right lateral thrust faults.  Water circulation in the plane of the faults has been 
observed in base of mines at Daylesford and in the deeper mines in Ballarat and Bendigo to 450, 700 
and 1300 m respectively.  There are two principal sub sets of thrust faults in type 3, in Table 7.  The 
dominant fault set are the thrust faults that dip at 45o-75o west.  The faults are diffracted by the 
competency of enclosing strata.  Quartz reefs is better developed when the fault plane cuts across the 
dip of the strata.  The anticlinal fold axis was generally the western limit of the reef, the transmission 
of the plane of the thrust fault in the slates produced pronounced shear and crush conglomerates, slate 
breccia and "pseudo conglomerate".   
 
The lower order discontinuities that are dilated from the surface to shallow depths have the greatest 
impact on the circulation of groundwater.  Subsidiary discontinuity systems; S1 - bedding and S3 - 
foliation provide weaknesses in the rock mass and may be dilated to depths of 30 - 150 metres.  
Mineral water egress is often associated with jointing and bedding plane partings developed in 
competent sandstone beds that a fissure fault cuts at depth, and provide a avenue for escape. 
 
3.5.3.1 Wrench Faults 
 
Wrench fault occur with bearings of 40 - 60 degrees to the meridian and dip 40 - 60 degrees or less 
and cut across the strata often in conjugate pairs.  Some quartz reefs were also associated with the left 
lateral wrench faults37 and these were termed "flat makes" in the Daylesford area by the miners.  The 
main conjugate fault sets are identified as first order left and right lateral wrench faults38.  The 
development of one or the other may be accentuated in the gold-fields due to the presence of 
rotational couples or diffraction due to lithological anisotropy.   
 
The faults are not truly planer features and their surface may be distorted, diffracted and deflected by 
competent and plastic beds in the rock mass (Figure 30).  Plastic deformation may witness the 
termination of the failure.  Brittle failure favours dilated apertures and circulation of groundwater.  
While solution and precipitation relationships may anneal the partings.  The independence from 
persistence of the fault plane along strike and down dip has been demonstrated in the deep mines in 
the Bendigo region.  
 
 
 
Figure 30. Thrust faults exposed in Anthony’s Cutting on the Western Highway at the 
Djerriwarrh Creek crossing south of Coimadai Spring, near Bacchus Marsh. 
Minor joints and faults are also present in the rock mass and offer lesser conduits for groundwater 
circulation. The orientation of the conjugate fault sets (inset on Figure 33) was presented by Moody 
and Hill (1956) and was modified by Badgely (1966) and it described the plethora of failure 
orientations resulting from compressional stress. 
 
                                                     
37  A table with comparative fault nomenclatures is in Appendix 03 01.  
38 Sinistral and dextral to be even handed.  The evil left and dexterous right 
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Extension fractures develop as separation or partings normal to the least principal stress, there is no 
offset on the fracture surface.  Faults are localised and offset parallel to the plane surface of high 
shear stress. The conjugate angle (insert on Figure 33) may give an indication of the orientation of the 
major cross joints and wrench faults in the rock mass (North, 1985). 
 
3.5.3.2 Old Mining Terminology for Faults 
 
The old mining terminology developed on the Victorian gold-fields is unfamiliar, parochial and 
confusing. To unravel the structural mapping of the gold-fields and the reports of the geologists and 
mining engineers in gold-field literature it is necessary to understand the nomenclature. 
 
For instance, a fault was referred to by different generic names as it traversed the "country" when 
located in the centre country or on either limb of the structure, being for example either a “back”, 
“slide”, “reef”, “lode” or “track”39.  The same term might be used on a different gold-field to describe 
another structural entity, probably due to the appearance and condition of the reef material and not its 
structural origin. 
 
The principal thrust faults were given different name either side of the anticlinal axis.  When running 
in sympathy with the rocks down the western limb of the anticline the fault was called a "back", 
"slide", "guide", or sometimes a "black track" if it was in black shales (Department of Mines, 1936 
and Appendix 03.02).  The term back was also given to the bedding plane faults which may have 
been filled with fluccan, gangue or pug.  When the west dipping fault cut across the dip of the strata 
on the eastern side of the anticline it was referred to as a "vertical" in the Daylesford mines or a 
"Leather Jacket" in the Ballarat East Gold-field. 
 
Table 6. Translation of old mining nomenclature for faults in the rock mass.  
 
Thrust Fault West of anticline Axial plane East of anticline 
West dipping slide 
glide 
black track 
vertical (E Ballarat) vertical (Daylesford) 
leather jacket (E Ballarat) 
reef, pug, lode 
East dipping dislocate lode  flat make, the piths, true slide 
 
The term "cross course" was used to describe oblique faults and dip faults that cut obliquely 
through the beds.  In the Daylesford area some of the "cross courses" are occupied by basaltic dyke 
rocks. 
 
3.5.4 Thrust Faults of the Daylesford Gold-field 
 
Thrust faults form a persistent and strongly developed set of failures that cut through the rocks of the 
area.  They are highly significant conduits for the transmission of groundwater and mineral water. 
The principal thrust faults are generally sub - parallel to the strike of the beds or fold axis.  The faults 
bifurcate, coalesce and are refracted by rock mass anisotropy. 
 
Where the west dipping thrust faults have cut across and shatter the strata on the eastern limbs of the 
anticlines quartz infilling of the fault plane has resulted.  These zones were identified as belts or 
"Lines of Reefs" by the gold miners.  The reefs strongly reflect the structural geology of the field, and 
in the Daylesford Gold-field were referred to as: 
 
    Vertical reefs40; 
                                                     
39 A compiled glossary of terms is included in Appendix 03.02, and others exist in the Prospectors Guide and in the 
Geological Survey’s Memoir 7.  
40 Explanations of the colloquial terms for the faults are detailed in Appendix 03.02, Hunter (1909) and the 
Prospectors Guide (1936). 
    Flatmakes; 
    Saddle reefs; 
    Counter Lodes; 
 
The structures associated with the reefs are vuggy and porous because the reefs have been 
developed as infilling of shear failures crushing through the rock mass.  The reef structures, the 
“great fissures” of the gold-fields (Ferguson, 1906) provide avenues for the deep and long distance 
movement of water (type 3, Table 7).   
 
At Daylesford in a 4 by 12 km area Baragwanath and Whitelaw (1923) mapped 31 of the major thrust 
faults (type 3, Table 7).  These were west dipping at 40 - 70o, although the miners referred to them as 
"verticals".  Each west dipping fault generally had a series of conjugate faults known as “flat makes”.  
The term “vertical” was transposed from the Ballarat East Gold-field where it was applied to vertical 
axial plane lodes.  On the Ballarat East field the west dipping right lateral wrench fault was called a 
"Leather Jacket" when it cut across the rock mass on the east of the anticline. The anticlinal fold axis 
was generally the western limit of the reef, the transmission of the plane of the thrust fault in the 
slates produced pronounced shear and crush conglomerates, slate breccia and "pseudo conglomerate".  
 
 
Figure 31. Vertical repetition of the west dipping thrust faults in the North Cornish Mine 
(Whitelaw and Baragwanath, 1923). 
In the mines of the Daylesford area reached depths of 450 m and variations of dip is represented in a 
section of the Nuggetty Reef Mine (Baragwanath and Whitelaw 1923) on Figure 32.   
 
The repetition of thrust faults across the Daylesford Gold-field were observed at horizontal intervals 
of 45 - 75 m, in the vertical plane they repeated at intervals of 130 - 220 m.  Similar repetition 
patterns observed on the Trentham Blackwood Gold-field (Ferguson, 1909 and the Technical Notes 
on Blackwood mineral spring).  The displacement on the faults varies, but it was noted that the 
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displacement varied and that dislocation increased with depth (p.18, Whitelaw and Baragwanath, 
1923).  They are generally parallel and the intervening block is shattered.  The width between walls 
may be up to 13 m, and be infilled with laminated quartz, brecciated country rock and graphite.  With 
closure of the mines they are difficult to examine, but accessible examples are at Liberty Spring and 
Central Spring41. 
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Figure 32. Thrust faults mapped in Ajax Nuggety Reef Mine, Daylesford (after Whitelaw 
and Baragwanath 1923). 
Significantly the mineral water investigation conducted by the Geological Survey (1974 – 1976) did 
not target the thrust faults.  Nearly all the bores were shallow and less than 80 m deep ensuring that 
these features were not commonly intersected below the water table.  Intersections below the water 
table were made at Glenlyon42 and in VMWC drilling when the fault were targeted successfully at 
Tipperary Point43 (SKM, 2001d) and Leggatt’s Spring (SKM, 2004b). Mineral exploration bores 
targeting the structures have been drilled to depths of 550 m by the explorer Range River Gold. 
 
3.5.5 Faults in Mines on the Daylesford Gold-fields 
 
The main fault structures follow a bearing of 340o-350o, the westerly dips are steeper than the east 
dipping conjugates.  The fissure systems of the Cornish Line were traced in mines for over 7 
kilometres (Figure 33)44.  In this line the common reef in the sections was the Cornish alias 
Frenchmans Reef. 
 
The structure of the Ordovician bedrock in the Daylesford Region encountered in the underground 
mines was mapped in detail by the gold-field geologists of the Geological Survey.  Chronologically 
contributions were made by: Murray, 1871; Krause, 1878; Taylor, 1893, 1894; Ferguson, 1905; 
                                                     
41  For details refer to the Technical Notes on CSR Hard Hills Central Spring and Liberty Spring. 
42 Refer to the Technical Notes on Glenlyon Spring. 
43 Ibid for Tipperary Spring which includes maps - diagrams and sections. 
44 details the orientation of the faults are presented in Appendix 03.04. 
 
60 
Baragwanath (1904 – 1953); Whitelaw (1912) and Whitelaw and Baragwanath (1923).  The 
bedrock structure as it related to the flow of the Hepburn springs was examined in detail by Dunn 
et al (1912), this was of great importance because of the presentation of maps and cross sections45.  
The report identified the position of the fissure systems south of Hepburn Springs Reserve in which 
mineral water moved and substantiated how the flow was disrupted during mining operations.  The 
report was not cited by Skeats (1914).  In content it agreed with community understanding and 
observations of water movement in the fissures encountered in the mines (see transcripts of public 
meeting in Laing et al, 1997 and Technical Notes on Hepburn Spring).  From the sections two main 
fissures were projected into the Hepburn Reserve (Figure 34) and these correspond with the zones of 
mineral water discharge at Wyuna and Locarno - Pavilion springs. 
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Figure 33. Continuous fissure systems along the Cornish Line in mines south of Hepburn 
Springs. 
 
3.5.5.1 Fault and Reef Conduits 
 
The major quartz reefs of the Daylesford Gold-field (Figure 35) are associated with the large thrust 
faults in the rock mass, some reefs were, before mining activities, persistent in outcrop along strike 
for more than two kilometres.  The dominant suite of fissures are those associated with the 
principal west dipping thrust faults.  These are usually nearly concordant and have a bearing of 
between 340o-350o, close to the bearing of the anticlines and the strike of the enclosing strata.  A 
second set known on the gold-field as cross courses or counter lodes bear 310o – 320o.  Some of the 
faults coalesce and separate along strike and down the dip plane.  The names of the some of the 
reefs have varied over the life of the gold-field, the sets of reefs include those listed by Taylor 
                                                     
45 These included Baragwanath (1911), 1239/M/2 Plan No 1239 and Whitelaw (1912), 1239/M/1. Plan No 1239.  
Previous studies on the springs have ignored or not referred these documents.  In the past separate storage 
meant that the unpublished report would be unintelligible without the plans.  In view of the material included 
and the contemporary internal Mines Department memoranda there may have been a good reason for the 
separation, now 90 years later they are combined. 
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(1893) and later by Whitelaw and Baragwanath (1923) change as continuity in mines enabled better 
mapping of the structures46. 
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Figure 34. Schematic geological cross section through Hepburn Mineral Spring Reserve, 
showing the projected positions of the main fissures. 
 
Quartz mining in the field started east of the township on the Mauritius and Cornish lines in 1854.  The 
Specimen Hill, Ajax and Nuggetty reefs were opened in 1857.  The auriferous reefs strike in the same 
direction as main structures in the Ordovician beds and are generally best developed when the reef 
develops in a fault that cuts across the dip of the strata.  The principal thrust faults of the field do this 
on the east limbs of anticlinal structures, and much of the mining activity was restricted to this "east 
country". 
 
Hepburn mineral spring and Locarno mineral spring occur on the west and eastern sides of the 
Hepburn Mineral Spring Anticline that has been mapped extending to the township of Daylesford.  
The mines on the reefs indicated the flow of mineral water in the reef conduits Dunn (1912a).  Reefs 
encountered in the Frenchmans Reef Mine such as the "Frenchmans Reef" and White Hills Reef form 
linear conduits providing pathways for the movement of mineral water to Locarno Spring.  This reef 
had an adit driven along it just above Locarno Spring.  Milkman's Reef and several smaller reefs 
outcropping to the east of it are possibly associated with Wyuna Spring (Figure 35) 
 
Hepburn Reef of Krause (1878) later became known as Frenchmans Reef and was a quartz reef 3 - 9 
m thick.  Mauritius Reef was similar to Wombat Hill Reef (alias Frenchmans, Crown, Cornish) was 
                                                     
46 Refer to Appendix 03.05. 
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0.7 - 4 m wide, contained dark grey slate with cubic pyrite, dipped 65o-85o west and was prone to 
contraction. 
 
3.5.5.2 Reefs – Auriferous Reefs 
 
The west dipping reefs, of the Daylesford Gold-field were known as verticals and were usually 
laminated, with two firm walls, polished slickensides less than 13 m wide, some portions may be 
laminated and some brecciated with country rock and crushed semi crystalline quartz.  On crossing 
an anticlinal axis they go down the bedding plane and have been referred to as guides or Bendigo 
"backs".  About 31 verticals were worked in gold mines between the William Tell and Cornish 
lines.  The faults have a small displacement of 0.3 - 30 m (Whitelaw and Baragwanath, 1923).  A 
companion east dipping thrust fault known was known as the "flat make".  Flat makes often 
appeared as tensions shears on the foot wall of a vertical.  They contain massive quartz and were 
usually connected to a vertical.  A third major fault was the counter lode that cut across the strike of 
the vertical and bear 310o – 320o. 
 
The best development of reefs occur in faults and are strongly developed in the corridors of east 
dipping strata.  Many merge, coalesce or bifurcate and do not strictly represent a series parallel or 
en echelon failures.   
 
A number of the spring discharges are clearly identified with the thrust faults, good examples are at 
Wyuna, Tipperary, Liberty, Stony Creek.  In this respect many of the occurrences of the springs 
may be explained.  Wyuna Spring emerges from a west dipping fissure (Baragwanath, 1911a and 
Skeats, 1914) and the Pavilion Spring is situated on the western limb of the Hepburn Spring 
Anticline and is associated with the continuation of the Frenchmans Reef – Cornish reef.  Locarno 
Spring is on the eastern side of the Hepburn Spring Anticlinal and is associated with minor features 
like strongly jointed sandstone or at depth a "slide" ie. a east dipping bedding plane fault. 
 
The mines on the reefs indicated the flow of mineral water in the reef conduits (Dunn, 1912a).  At 
Hepburn reefs encountered in the Frenchmans Reef Mine such as the "Frenchmans Reef" and White 
Hills Reef form linear conduits providing pathways for the movement of mineral water to Locarno 
Spring.  This reef had an adit driven along it just above Locarno Spring.  The Hepburn Reef of 
Krause (1878) later became known as Frenchmans Reef and was a quartz reef 3 - 9 m thick.  
Mauritius Reef was similar to Wombat Hill Reef (alias Frenchmans, Crown, Cornish) was 0.7 - 4 m 
wide, contained dark grey slate with cubic pyrite, dipped 65o-85o west and was prone to contraction.  
At Wyuna Spring Milkman's Reef (Figure 35) and several smaller subsidiary reefs to the east provide 
conduits to the spring. 
 
3.5.6 Jointing and Lower Rank Discontinuities 
 
In the Daylesford region the shales exhibit cleavage but also strong cross jointing at widely spaced 
intervals.  The sandstone units possess bedding plane partings and sometimes open, but vuggy quartz 
veins normal to the bedding which occur as tension scars and are present as possible rough walled 
conduits for the passage of groundwater. These vuggy quartz veins are a characteristic of the 
sandstone units, and usually fall in a plane normal to the bedding.  They provide an avenue for across 
structure flow of groundwater to counter the anisotropy.  Jointing is commonly most pronounced near 
the crest of anticlines especially in the sandstones beds.  On hillside outcrops the joints may be 
exaggerated by down slope creep and thereby provide greater opportunity for groundwater recharge 
by soil water percolates. 
 
3.5.6.1 Joints  
 
The sandstone and quartzite rock units form brittle competent beds.  Near the surface these beds have 
open fracture systems with bedding plane and joint sets developed.  Fractures generally have been 
better developed in the competent thick sandstone beds rather than the shales and siltstones. 
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Figure 35. Portion of the Daylesford Gold-field Map (Whitelaw and Baragwanath, 1923) 
and the outcrop of fissures mapped in the Hepburn Mineral Spring catchment 
by Taylor (1893). 
 
 
 
Figure 36. Joint and fracture faces in competent sandstone bed with mineral water and 
gas discharge from the joints, Sutton Spring (November, 2002). 
 
Faults encountered in the underground mine working generally carry water, and so do joints and 
some of the sandstone beds (Skeats, 1914).  Usually at least three sets of joints occur in the competent 
beds47.  Shales or slates possess slaty and crenulation cleavage.  The minor partings in the rock mass 
such as radial or orthogonal joints are present in the sandstones near the crest of the Hepburn Spring 
Anticline.  These partings may provide escape routes and scavenge mineral water from the main 
feeder conduit.  Other areas of mineral water seepage in the reserve may be attributed to escape 
through the lower rank discontinuities in the rock mass. 
 
 
Figure 37. Diagrammatic representation of the profusion of discontinuities in the rock 
mass. 
 
3.5.7 Quartz Veins 
 
Vein work occurs as infilling of localised gashes in the rock mass.  These features arose during 
periods in which the rock mass was subjected to stress accompany folding and faulting.  The principal 
stress orientation resulted in the compression and folding of the rocks, rotational or torsion couples 
and translation of stresses in blocks of country rock have produced tearing or tensional partings and 
cross folding.  The stress fields which produced these structures have not fully abated.  Some 
movement still exists on major failures, such as the Muckleford Fault.  The age of the quartz veins in 
the Ordovician and younger rocks has been open to debate.  Whether the veins relate to one, several 
events or are continuously forming.  Evidence of several periods of movement in the veins exists as 
they cut dyke rocks and earlier generations of veins.  The veins also provide a contemporary channel 
way for the movement of circulating water.  It is probable that the most intense period of accretion of 
the siliceous vein work followed diagenesis of the sediment pile and during major the orogenies in 
which the rock mass was subjected to extension tectonics. 
 
The age of the major quartz veins in the rock mass often associated with thrust faults and the brittle 
failure and were considered by Ferguson (1908) that there was no evidence of veining before 
                                                     
47 refer to Technical Notes on Golden Spring. 
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folding, from then on continuous and in progress.  Veins have crossed the last sequence of dykes of 
Upper Tertiary age, however the main lines of saddle reefs are probably very old and concomitant 
with the folding. 
 
The crystallisation and precipitation of quartz and silica minerals is still an active process in the 
weathering profiles of the Ordovician bedrock.  Resultant mobilisation of silica in the groundwaters, 
leads to the generation of new silica minerals and the growth of quartz from colloids in tensions 
features.  Much of the quartz veining is distended in the near surface and this suggests later age of 
formation.  The thermodynamics of hydration of silica minerals means that veins in the vadose and 
shallow phreatic zones may still be forming.  The noted thinning of the veins with depth also suggests 
growth in the zone of dilation, observations on vein formation and thinning with depth date to the 
early Victorian geological studies; Brough Smyth (1869), Nicholas, W., 1877, Daintree, R., 1897 
Ferguson (1908) and Cox et al., (1985). 
 
3.6 Petrology of the Ordovician Rocks 
 
The original sediments in the Central Victorian portion of the Tasman Geosyncline were mainly 
sands, silts and clays.  The Ordovician sediments that filled the Ballarat Trough of Central Victoria 
are a sequence of quartz rich greywackes, black and red shales and black cherts and attained a 
maximum thickness of around 4000 m.  Coarser and shelly facies sediments occur in the Upper 
Ordovician to the east of the Daylesford area.  In the Central Victorian Lower Ordovician limestones 
are recorded as small thin bands that exhibit cone - in - cone or saccharoidal structures.  Shelly facies 
are limited and occur towards eastern Victoria.  The rates of clastic sedimentation possibly influenced 
the carbonate accession.  Post depositional, diagenetic formation of the carbonates siderite and the 
iron rich dolomite - ankerite is common in Central Victoria between Castlemaine and Ballart in the 
Lower Ordovician. The widespread existence of iron rich carbonates and iron sulphides in the 
Ordovician sediments suggests that some zoning in depth and diagenesis existed in relation to the 
anaerobic Eh – pH conditions of the ocean floor.  In outcrop the presence of ankerite is often 
overlooked as it occurs disseminated through some of the sandstones and shales.  In hand specimens 
weathering and elution of the iron rich carbonates leaves an ochreous residual that is easily mistaken 
for limonitic or goethitic hydrous iron oxide after pyrite.   
 
Flysch is a facies, greywacke is a lithology and turbidite is a generic term for a depositional 
process.  Many ancient turbidites are greywackes, while many modern ones are protoquartzites 
(Shelly, 1970), and carbonate turbidites have been described in ancient and modern sediments. The 
sandstones range from greywacke to arkose depending on the classification used and the sands 
exhibit grading and the classic features of turbidite A-E sequence described by Bouma (1962).  The 
sandstone facies may exhibit ripple structures that may form in deep sea sands, and may be the 
result of traction currents and not necessarily turbidites.  The coarse grits with relic porosity of the 
Lower Ordovician of Central Victoria may be deep sands derived from traction currents or 
reworked turbidite by traction currents.  Carbonates are noted in turbidite sediments in Flysch 
sequences.  Dzulynski and Walton (1965) identified carbonate content ranges of 0 – 8 % with an 
average of around 2.5 % in the arenaceous flysch of the Harz and North Helvenic Alps, while the 
Slovakian sequences have a median of 23% carbonate.  Modern deep sea sediments contain 39%, - 
90 % carbonate that is derived from pelagic planktonic calcareous organisms. 
 
3.6.1 Lithology  
 
The bedrock in the Central Victorian area has undergone low grade regional metamorphism to the 
green schist facies48 (Willman et al., 2002).  Major lithologies represented are quartzose grits, 
arkosic sandstones, and micaceous siltstones and shales.    Minor lithological variants include thin 
48 The green schist facies is characterised by the occurrence of chlorite, white micas (sericite – muscovite) and 
albite.  Considerable variation in the facies exists.  This is evident as unconsolidated and uncemented 
sands and silts exist at Glenlyon Spring - refer to the Technical Notes on Glenlyon Spring. 
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bands of cone-in-cone limestone and graphitic black shales.  Carbonate is widely disseminated 
throughout the rock mass as a groundmass cement (Dunn, 1921).  It is present as a diagenetic 
mineral, in secondary veins and as an accessary mineral in quartz veins (Figure 39). 
 
The Ordovician of Central Victoria consists of mainly sandstone that is in part indurated to 
quartzite and the shale partly passing to phyllite.  Sandstones are quartzose, with some feldspathic 
grits with weathered corroded feldspar and white mica.  Quartzites were known as “Elvan” by 
miners that were similar to sandstones.  The feldspars are recognised as plagioclase, and the quartz 
grains are rounded.  Individual bed thickness varies from a less than a millimetre to more than 5 m.  
A number of competent sandstone or siltstone beds may form a combined bed with total thickness 
of 5 - 15 m. At Hepburn coarse arkosic sandstone occurs with cannon ball concretions.  Similar 
coarse sandstones or grits occur at Wyuna, Blackwood, Vaughan and Sutton springs the former 
with cannon ball concretions.  These sandstones may be quite friable in outcrop and have been 
known to contain worm burrows, eg. at Sutton Spring.  The sandstones attracted special attention in 
the early descriptions by Skeats (1914) who observed the lack of induration:  
 
“in fact, rain waters which sank, into the porous sandstone, and, in their 
passage underground along faults to their outlets in the gullies, dissolve 
the mineral substances, and collect the gas” 
 
Significant redox partitioning exists in the weathering profiles, with an upper zones leached of 
carbonate material.  This characteristic of the weathered zone, in particular the relationship with the 
position of the water table was well recognised and documented in the early gold-field literature 
(Brough Smyth, 1869).  The mineralogical transition below the water table to the phreatic zone was 
also recognised, particularly the profound and great diminution of gold values.  Cuttings and cores 
from bores and rock samples from mullock heaps have been examined so that the lithology and 
mineralogy of the phreatic zone can be studied while being cognoscente of the rapid redox changes 
in these systems.  Slates fine grained, with black grains of carbonaceous material, rutile and thin 
flakes of white mica and quartz grains.  
 
3.6.1.1 Mullock Heap Specimens 
 
Surface exposures are strongly weathered, therefore bedrock from mine waste heads or “mullock 
heaps” offer an opportunity to source relatively fresh rock material.  South of Hepburn Springs the 
Frenchmans Reef and Mauritius mine mullock mounds were inspected to provide information on 
the minor lithological variants of the northern portion of the Daylesford Gold-field49.  The base of 
Frenchman's Reef mine was 137 m below the surface and 76 m below the level of the Hepburn 
Spring.  Sandstone, shales and vein provide wide spread evidence of carbonate present mainly as 
ankerite (Figure 39).  The surface of the ankerite grains undergoes biologically stimulated 
weathering leaving residual ochre coloured ferruginous staining50..  Fresh rock samples were also 
obtained from the more westerly “Just in Time” Mine mullock heap that yielded a sample of cone – 
in – cone limestone (Figure 44).   
 
3.6.1.2 Conglomerates 
 
Conglomerates were recorded in Victorian Cornish Mine (Whitelaw and Baragwanath 1923).  Local 
variations such as the grits and conglomerates at Riddell occur in the Upper Ordovician.  Pseudo - 
conglomerates have been observed in the rocks at Daylesford and have been attributed to compressive 
failure.   
49 Detailed descriptions of the mine dump – mullock heap specimens are contained in the accompanying Technical 
Notes on Hepburn Mineral Spring. 
50 Bacteria like Leptothrix Ochracea may be active and attack the iron rich carbonate for nutrition needs an electron 
donor for its metabolism oxidising the ferrous ion, with its carbon form CO2, TOC (Total Organic 
Carbon), DOC (Dissolved Organic Carbon) or CO3--. 
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3.6.1.3 Quartz grits 
 
Prominent beds of quartz grits were mapped by Foster (1956) at Greendale and Blakeville Coarse grits 
were noted at Blackwood (Ferguson 1906) and coarse felspathic grits at Ballan (Foster, 1931b).  
Coarse sandstones and grits are also present at Vaughan, and in the Hepburn and Central Springs 
reserves.  Some of these grits retain primary porosity (Skeats, 1914; Ferguson, 1909; Technical Notes 
– Blackwood, Hepburn, Lyonville, Vaughan and Glenlyon). 
 
3.6.1.4 Arenites 
 
The arenites are silty argillaceous sandstones and greywackes.  The greywackes are quartz rich, their 
source has been attributed to outcropping westerly rocks of Cambrian and Pre Cambrian age, west of 
the Tasman belt.  The matrix is generally phyllosilicate, quartz ranges from 30 – 80%, detrital 
feldspar may constitute 20% of the rock mass, sodic feldspar 10 – 20% exceeds the calcic and 
potassic at 3% and feldspar speciation is important to the groundwater composition.  Micas and minor 
accessaries may make up 2 – 4% (Beavis, 1976).  On the Ballarat Gold-field (Elliott, 1977) noted 
two distinct types of sandstone, one with quatz from a granitic source with grains of sericitised 
feldspar and a second with grains of muscovite and lithic fragments in a phyllosilicate matrix clays 
and muscovite.  The elemental composition of Lower Palaeozoic arenites are provided in Table 8, to 
illustrate the range of values, and the impact of weathering elution on alkaline and alkali earths.  Not 
only do the analyses illustrate the care required in selecting samples, but that elution processes are 
dominant to depths of 30 m or more (Talent (1967), Jenkins and Dyson (1983) and Shugg (1996a)).  
The voraciousness of the elution processes in weathering profiles is demonstrated by the relative loss 
of metals during the weathering process and are illustrated in the Monbulk column of Table 8. 
 
Talent (1964), referred to weathered Palaeozoic rocks of Melbourne area that are generally 
carbonate free, with the silty sandstones composed of rounded quartz grains making up 25% - 65% 
of rock in a paste of sericite, quartz, chlorite and clay minerals.  Fresh feldspar like calcite is 
unusual in samples apart from the beds containing brachiopods, bryozoans, molluscs and corals 
there is a remarkable rarity of carbonate in the exposed strata.  Talent (1964) stressed that samples 
from below the water table contained up to 3.6% calcite and served to emphasise that with 
outcropping psammitic sediments an allowance should be made for possible leaching of 
carbonates. 
 
3.6.1.5 Porous Sandstones and Grits 
 
In the assessment of the geology of the catchments of the mineral spring of Central Victoria the 
occurrence of primary porosity in Ordovician sediments is a revelation.  Porous sandstones and 
grits were previously noted by Ferguson (1906) in the Trentham – Blackwood Gold-field and by 
Skeats (1914) in describing the mineral waters Hepburn Springs.  These occurrences were treated 
with some scepticism in recent years with the application of the doctrine of the green schist facies 
metamorphism.  At Glenlyon Spring a bedrock investigation bore, Glenlyon 4, corroborated the 
earlier observations of retention of primary porosity in the Ordovician sediments51.   
 
51 Detailed logs and photographs of the cores are presented in the accompanying Technical Notes on Glenlyon 
Spring. 
  
 
Figure 38. Ordovician rock exposures in the Hepburn Mineral Spring Reserve, cannon 
ball concretions, hill side creep and porous fractured ferruginised sandstone - 
grit. 
 
 
Figure 39. Frenchmans Reef Mine mullock heap samples (clockwise), quartz and 
ankerite present in banded pelite, ankerite spotted sandstone, ankerite veining 
in slate and quartz accompanying ankerite in vein material. 
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Table 8. Ranges in composition of Ordovician and Lower Palaeozoic sandstones, from 
whole rock analyses (units as percentages). 
 
Monbulk4 Constituent Wedderburn1 Bright2 Daylesford3 
Fresh Weathered % Loss 
CaO 0.25 - 1.0 0.25 – 1.0 0.2 – 0.5 0.8 0.1 88% 
MgO 1 - 1.5 1.7 – 2.6 0.5 – 2.5 1.9 0.3 84% 
Na2O 0.5 - 0.7 0.3 – 0.4 0.3 – 0.6 1.4 0.03 98% 
K2O 3 – 6 3.9 – 6.0 0.8 – 4.5 3.4 0.2 94% 
FeO 0.1 - 0.3 0.6 – 4.4  3.6 0.6 83% 
Fe2O3 1.5 – 3 2 – 4.5 2 – 6 11 1.5 86% 
Al2O3 20 – 30 18 – 25 5 – 18 22 16 27% 
SiO3 47 – 74 51  - 63 64 – 88 64 58 9% 
H2O+ 4.0 – 7.0 6.3 – 6.7 1.5 – 7.3 13 5.6 57% 
TiO2 0.8 – 2.0 0.7 – 0.8 0.3 – 0.9 1.1 1.0 9% 
P2O5 Tr 0.05 - 0.15 0.1 – 0.2    
SO3   0.1 – 0.9    
Cl 0.11 – 0.27      
C 0.19 – 0.4  0.9 – 4.7    
CO2    0.3 0.2  
Au* 0.8 – 35      
Ag* 0.3 - 4.5      
* units are ppm 
1. Whitelaw 1911: The Wedderburn Gold-field, Ordovician Indicator beds. 
2. Beavis 1936: Bright area "clean" Ordovician sandstones. 
3. Data after Range River Gold.  Deep bore hole samples, Ordovician sandstones – siltstones. 
4. Shugg (1996a).  Bore hole samples Silurian sandstones – siltstones. 
 
In addition, unconsolidated sediments consisting of sand at 68 m (Figure 40), porous friable grit 
and porous sand at 82 m and 87 m (Figure 41), and fine sand at 177 m were found.  Ferguson 
(1906) described porous Ordovician grits in the Trentham – Blackwood area (p.7 and p. 11), as 
coarse siliceous sandstones probably from a granitic source with crystals of quartz, feldspar, and 
white and black mica with limonite pseudomorphs after cubic pyrite.  The feldspar grains were 
decomposed to kaolinite, minor accessaries include sapphires, zircons, and pleonaste52,  
 
“the rock appears to be porous on account of the coarseness of its 
component grains, and probably it was fossiliferous”.  
 
In the description rocks from the Sultan Mine the porosity of coarse grits was attributed to  
 
“in places the rock is porous, and probably facilitated by the circulation 
of underground waters, which may have permeated the strata when the 
quartz lode was deposited.” 
 
Skeats (1914), Noted porous sandstones in the Daylesford Hepburn area. (p. 3)  
“6. The flow of water underground is believed to he mainly along faults 
and reef channels and to a limited extant along beds of porous 
sandstone in the rocks.”   
And (p. 8)  
                                                     
52 A variety of spinel (Mg, Fe’’)(Al, Fe’’’)2O4 
“The sandstones vary in character, and some of them are fairly porous. 
“ and “The porous sandstones, ….. constitute the important drainage 
channels.” 
 
 
 
Figure 40. Glenlyon 4, core for the section 68 - 71 m showing sand at 68 m and porous 
grit at 69 and carbonate concretion at 70 m. 
 
 
 
Figure 41. Glenlyon 4, sectioned core of friable coarse sandstone - grit with bands of 
pyrite rich material, nodules and crystalline masses of pyrite, at 82m. 
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Baragwanath and Whitelaw (1923) referred to them but this may have been in a metaphorical 
manner, “in fact, rain waters which sank, into the porous sandstone, and, in their passage 
underground along faults to their outlets in the gullies, dissolve the mineral substances, and collect 
the gas” 
 
3.6.1.6 Pelites 
 
The pelites, psammitic sediments or shales consist of fine particles of quartz, feldspar, muscovite, 
biotite, chlorite, kaolinite and when weathered smectite, vermiculite and interstratified clay minerals.  
The black shales are graptolitic, carbonaceous and pyritic (Cole and Neilson, 1959).   
 
Black carbonaceous, graphitic and pyritic shales have been recorded on the Daylesford Gold-field 
and were noted in the Geological Survey bores drilled in the Spring Reserves during 1974 - 1976.  
Similar black graphitic shales were observed during drilling works carried out between 2000 – 
2004 at Jubilee Lake, Leggatt’s, Sutton, Tipperary, Wagga and Wyuna mineral springs. 
 
The potassium orthosilicate of aluminium and potash (H,K)AlSiO4 sericite is ubiquitous in the 
sandstones and occurs as small scaly white flakes with a silky appearance.  It is evident in 
weathered rocks with the loss of potassium and hydrolysis of silicate minerals. water content in a 
weathering process that proceeds through illite – hydromuscovite - montmorillonite to kaolinite. 
 
3.6.1.7 Black Shales and Minor Variants 
 
The mineralised nature of the black shales often encountered when drilling (Figure 42) has resulted 
in special attention, Skeats (1914, p. 7)53 referred to some of the peculiarities of these rock 
encountered in the Frenchmans Reef Mine south of Hepburn mineral spring:   
 
"... at the Frenchmans mine it was noticeable that gas was found at every 
level, sometimes with water sometimes without.  In some cases spurts of 
dry gas, sufficient to put out a candle, were met in cutting dark 
carbonaceous shales.  
 .….  I observed underground in the Frenchman's mine places where gas, 
unaccompanied by water, was bubbling up from the floor of drives and 
cross-cuts……   
It appears, then, that an important source, if not the only source of the 
carbon dioxide gas in the mineral waters consists in slow chemical 
changes in the carbonaceous shales." 
 
Observations of gas bursts were not widely recorded.  Another observation of importance is the 
subterranean noise that sounds like muffled cannon fire.  Locally these noises were referred to as “Pat 
Hanley’s Guns”54.  Once a noise heard by shepherds in the Yandoit area, miners in Daylesford reported 
them also.  During the drilling of the new Leggatt’s spring bore in July 2004, the relaxation of the shales 
in the upper 45 m of the bore made cracking noises relating to the release of residual stress in the rock 
mass.  At a depth of 64 m highly sheared quartz was encountered, that was shattered, had slickensides 
and kept breaking into the bore. 
 
53 It is highly unlikely that fossil hydrate exists unless substantial over pressuring remains in the shales. Rather 
solution – precipitation equilibria in a thermodynamically heterogeneous system is important and illustrated by 
the reversible equation Ca++ + 2HCO3- ↔ CaCO3 + H2O + CO2.  An association with ascension zone degassing is 
recognised as the precipitation of calcite sinter in crenulation cleavage planes and joints in the light blue grey 
shales when Sutton, Wagga, Wyuna were exhumed and it was present in bore cutting samples at Lithia Springs.  
The mines produced absolute P drops of more than 30 atmospheres and substantial redox changes. 
54 Pat Hanley’s Guns describe load percussive noises.  Local folklore has several explanations see Appendix 02.06. 
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3.6.1.8 Carbonates and Limestone  
 
Carbonates in the rock mass are wide spread as minor accessary minerals.  Massive limestones occur 
in the Lower Ordovician of the southern portion of the Tasman fold belt at Waratah Bay in Victoria, 
and in Tasmania.  In the Lower Ordovician bedrock of Central Victoria, limestones are present as 
saccharoidal marble and thin bands of cone - in - cone limestone.  The wide spread presence of the 
carbonates has implications for recognition of the sedimentary processes and for the evolution of 
the high alkalinity groundwaters and carbonated mineral waters. 
 
The eluviation (leaching) of carbonates and illuvaition (deposition) of fine materials and colloids 
produce weathering profiles that mask the evidence of carbonate occurrence.  The elution of 
carbonate from the thick weathering profiles developed on the Lower Palaeozoic rocks of Central 
Victoria was recognised by the early gold-field geologists Daintree (1866), Brough Smyth (1869) 
and Ferguson (1906).   
 
The limestone indicates that the rate of carbonate accumulation was greater than that of clastic 
sediments and that there is a possible gradation between the depositional facies dominated by the 
clastic flysch turbidite facies.  Also dispersed within the sequence are minor containing shelly 
fossils, Wilkinson (1971, 1972, 1977) also noted the existence of thousands of fossil locations in 
Central Victoria that have enabled biostratigraphic mapping of the Lower Ordovician.  Graptolites 
are common, but phyllocarid crustaceans and inarticulate brachiopods are also preserved.  At 
Hepburn, the giant crustacean Hymenocaris Hepburnensis has been found in the Bendigonian 
strata.  At Sutton Springs infilled worm tubes, skoliths, occur in an outcrop of grit south of the 
spring.  These features have been observed elsewhere in the Castlemaine area (Willman, 1995).  
Carbonate concretions55 have been mapped in the sandstones outcropping in the wall of Spring Creek 
just down stream from Liberty Spring, they are also present in the sandstones of Hepburn Mineral 
Spring Reserve (Figure 38).  Aplin and Ulrich (1861) and Baragwanath (1903) noted their occurrence 
on the Castlemaine Gold-field with the cores consisting of loose sand.  They are up to 40 cm in 
diameter and occur in sandstone rich in sericite.  The mineral explorers Range River Gold recorded 
marls on the Ajax Line at Daylesford (Peter Arden, Range River Gold) and that the sandstones 
usually contained 0.8 - 2% carbonate and similar or higher amounts of organic carbon (Table 8). 
 
The origin of the carbonates in the Ordovician seas may be attributed to many sources, one source 
are the coccolithospores (Kennish, 1989) and other brown algae of class haptophyceae.  The 
coccoliths may be covered with carbonate plates and were present in Ordovician tropical, open 
waters and coastal waters.  These algae are also able to capture antimony and other heavy metals 
from sea water.  It is possible that mineral exploration antimony geochemical surveys may be used 
to provide an indication of the wider presence of the carbonates below the weathering zone.   
 
3.6.1.9 Cone - in - Cone Limestone  
 
In the Bendigo – Castlemaine – Maldon area the occurrence of cone - in - cone limestones and 
minor beds of limestone and marble are noted in the literature (Baragwanath, 1903; Wilkinson, 
1988; and Willman et al. 2002) and have mainly been established from observations in mines.  At 
Daylesford a sample of cone - in - cone limestone (Figure 44) was found on the Just in Time mine 
mullock heap and confirmed the wider geographical distribution of this limestone facies.   
 
Minor beds of cone-in-cone limestone occur in the Lower Ordovician, but are seldom preserved in 
outcrop, they have been found over a large area in mines of the Castlemaine and Bendigo Gold-
fields and now in the Daylesford Gold-field.  They have been mapped in the Lerderderg River 
gorge south of Blackwood and found on a mine dump at Hepburn56. 
55  Simon Maher GSV reported the concretions in the sandstones, between the creek and the water race on 
the north side of the valley.  Similar concretions are noted near Sutton, Pavilion and Wyuna springs. 
56 Refer to accompanying Technical Notes on Hepburn Springs. 
  
 
Figure 42. Drilling intersection of the black graphitic shale at Tipperary Spring (Driller: 
Mike Hutchinson) in 2000. 
 
 
Figure 43. Laminated and sheared black shale overlain by 20 cm thick jointed sandstone 
exposed at the eye of Sutton Spring (2002). 
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Ankerite as a diagenetic carbonate and occurs throughout the Lower Ordovician of the Ballarat – 
Daylesford – Castlemaine area.  Skeats (1914) noted that dyke rocks are replaced by carbonate in the 
weathering zone.   
 
Massive dark crystalline limestone and green fine grained saccharoidal57 marble were described 
from the Specimen Gully Mine, near Castlemaine (Baragwanath, 1903).  
 
Cone-in-cone limestones are formed by several processes, but many may be explained as the result 
of compression of impure limestone with the organic material segregating along planes of conical 
failure (Twenhofel, 1961) and with annular corrugation and clay films separating concentric cones.  
Cone - in - cone limestone may occur as lenses in shaly beds, with argillaceous and fibrous 
carbonate with the apexes pointing downwards.  Cone - in - cone structures have also been reported 
in coal, siderite and gypsum (Conybeare and Crook, 1968).   
 
3.6.2 Mineralogy – Minor Constituents 
 
The mineralogy of Ordovician rocks includes quartz, feldspars, muscovite, chlorite, kaolinite, smectite, 
vermiculite and interstratified clay minerals.  The last three being the result of deep weathering.  The 
rock mass is cut by auriferous reefs of milky quartz with gangue minerals consisting of carbonates of 
iron and calcium (ferruginous dolomite58), brecciated and laminated strata, pyrite, arsenopyrite and 
minor occurrences of sphalerite, galena and boulangerite59 (Whitelaw and Baragwanath, 1923).  In 
the Ordovician weathering profiles of the adjacent Ballarat East Gold-field Cole and Neilson (1959) 
identified quartz, feldspars, muscovite, chlorite, kaolinite, smectite, vermiculite and interstratified 
clay minerals using X ray diffraction. 
 
Cole and Neilson (1959) found that in unweathered shales up to 2% carbon is present in 
carbonaceous material, evenly distributed or in small soft black elliptical bodies up to 1 cm long and 
that porphyroblasts of calcite and pyrite are common. 
 
Minor minerals found in the quartz reefs varied over the Gold-fields.  In the Daylesford Gold-field non 
metallic minerals accompanying the quartz were albite, kaolin, and chlorite "known as Irish or 
Poverty", frequently decomposed dykes were replaced by carbonate minerals (Figure 45). 
 
Indicator beds within the black shales were noted in the gold mining period because of their 
association with native gold.  The indicators shales were often richly pyritic, graphitic and contained 
high gold concentrations, sometimes exceeding 30 ppm (Whitelaw and Mahoney, 1911). 
 
The gangue minerals recorded in the auriferous quartz reefs developed in the planes of the thrust faults 
include quartz, brecciated strata, carbonates of iron and calcium (ie. ferruginous dolomite 
([Fe,Ca,Mg][CO3]); or ankerite CaCO3(Mg,Fe,Mn)CO3 or normal ankerite 2CaCO3.MgCO3.FeCO3), 
pyrite (FeS2), arsenopyrite (AsFeS) and minor occurrences of sphalerite ([Zn,Fe]S), galena (PbS) and 
boulangerite (Pb5Sb4S11) (Whitelaw and Baragwanath, 1923). Elliott (1977) noted a similar sulphide 
assemblage on the Ballarat Gold-field, with pyrite, pyrrhotite, sphalerite, galena stibnite 
chalcopyrite, arsenopyrite.  The bedrock mineralisation of Central Victoria has resulted in elevated 
concentrations of arsenic in some bedrock waters (Shugg, 1989) and is a concern for the mineral 
waters.  Fortunately, the high alkalinity of the mineral waters combined with the redox conditions in 
the ascension zone usually result in low solubility of arsenic compounds. 
57  Having a granular texture like a loaf of sugar. 
58  These are carbonates somewhere between dolomite (Mg,Ca(CO3)), siderite (FeCO3) and ankerite 
(Fe,Mg,Ca(CO3)). 
59  Boulangerite (5PbS.2Sb2S3) 
 Figure 44. Photomicrographs of transverse and perpendicular thin sections of the cone-
in-cone limestone from the Just in Time mullock heap at Hepburn (ht. ~2 cm). 
 
 
 
Figure 45. Development of calcite in dyke rocks observed by Whitelaw and Baragwanath 
(1923). 
 
3.6.2.1 Heavy metals in Ordovician Rocks 
 
The Ordovician sediments have a rich assemblage of sulphide minerals, the mobility of the metals is 
dependent on solubility and this is influenced by the redox conditions.  The high alkalinity waters 
expressed at the springs are acidic oxidising, and combined with the high bicarbonate levels reduces 
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the mobility of many of the heavy metal.  The Daylesford rocks have relatively high arsenic, 
chromium, copper, thorium and uranium zinc and zirconium contents.  These characteristics are 
sometimes reflected in the mineral waters. 
 
3.6.2.2 Carbonaceous and Organic Material 
 
At Maldon near Castlemaine, submicroscopic mixtures of metallic gold and solid hydrocarbons 
were found in fractures and vugs in loellingite.  The solid hydrocarbons comprise mainly 
conjugated benzene rings with short-chain carbonyl groups.  Metals (Fe and Au) are bound to aryl 
ketones, or to hydrocarbons by S-functional groups (Kucha and Plimer, 1999).   
 
3.6.2.3 Phosphates 
 
Minor phosphate accumulations occur in the Lower, Middle and Upper Ordovician black shales of 
Victoria, near Mansfield and also near Edi in the Upper King valley area, grades of up to 12% P2O5 
have been recorded.  Phosphate levels in rock analyses from Daylesford 0.1 – 0.2 % P2O5 on the Ajax 
Line (Range River Gold). 
 
3.6.2.4 Radioactivity 
 
A geochemical association for the occurrence of radium and radon in the mineral water with uranium 
and thorium mineralisation in the Ordovician black shales was suggested by Esplan (1969).  The 
concentrations of uranium and thorium in the shales near Daylesford are not anomalous (Table 9) 
though the higher thorium levels peak at 20 ppm.   
 
The presence of radioactivity in some of the mineral waters was first observed in the early 1920's.  
Deep Springs, Glenlyon, Leitches Creek and Lyonville mineral springs have recorded the highest 
levels of radioactivity.  The radioactivity between individual springs is variable and there is 
considerable variation at each site.  Permeability conditions associated with fissure dilation and fluid 
flux were recognised by Folger et al. (1995) to influence the levels of radon; the greater permeability 
reflected in higher radioactivity levels.  No supporting evidence exists to suggest that these springs are 
associated with higher permeability fissure systems.  Variation at individual spring sites, has been 
found to have a inverse relationship with the sulphate concentrations, this in turn at springs may reflect 
temporal changes in ascension zone redox conditions associated with local recharge influx and mixing 
events. 
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Table 9. Trace element abundance in the arenaceous rocks of the Daylesford area 
compared with global values. 
 
Global Value* (ppm) Daylesford (ppm) Element 
Shale Sandstone Limestone Min Average max 
As 10 1 1 5 45.4 123 
Au  0.009 0.034 0.1 
B 100 35 20  
Ba 600 50 10 260 566 1030 
Br 5 1 6.2 1 1.0 1 
Ce 70 92 11.5 69 85.0 108 
Cl 180 10 150  
Co 20 2 0.1 4 9.1 19 
Cr 100 35 11 29 150.9 467 
Cs  3 7.0 12 
Cu 50 5 4 23 40 58 
Eu  0.7 1.0 1.3 
F 600 270 330  
Ga 25 12 4 4.7 8.4 12.9 
Ge 1.5 0.8 0.2 0 0 
I 2 1.7 1.2 0 0 
La  31 40 50 
Li 60 15 5  
Lu  0.3 0.4 0.6 
Mn 850 50 1100 155 232 774 
Mo 2 0.2 0.4 0 0 
Ni 80 5 20 19 30 47 
P 750 170 400 223 339 558 
Pb 20 7 9 32 37 44 
Rb 140 60 3 42 112 205 
S  310 1423 4920 
Sb  0.8 4 6.8 
Sc 15 1 1 3.5 9 17.3 
Se 0.6 0.05 0.08  
Sm  5.3 7 9 
Sr 400 20 610  
Ta  1 2 
Th 12 1.7 1.7 12.8 17 20.3 
Ti 4600 1500 400 3025 4816 7780 
U 3.5 0.45 2.2 3 4 6 
V 130 20 20  
W  3 8 14 
Y 35 40 30  
Yb  1.8 3 3.9 
Zn 90 16 20 130 165 200 
Zr 180 220 19 700 750 800 
    *Column 2-4 from Krauskoff (1985), Hem (1985), Daylesford data courtesy Range River Gold. 
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3.7 Conclusions 
 
Many significant aspects of the geology of Central Victoria determine the flow and occurrence of 
the mineral springs and mineral waters.  The Geological understanding of the region has evolved 
from the period of the gold rushes of the eighteen fifties.  Gold mining records now provide a 
wealth of information on the structure and geological characteristics of the region.  The late 
nineteenth and early twentieth literature is copious, while much of the nomenclature is petrified, 
curious and specific to the gold-fields.  This reservoir of knowledge provided the nucleus for 
developing an understanding of the rock mass and how deep regional perennial groundwater flow 
systems are developed within it.  A salutary observation is that most “modern” workers on the 
mineral waters have not availed themselves of this information. 
 
Diligent examination of the empirical evidence presented in the “old” literature from the halcyon 
days of the Central Victorian Gold-fields illustrates that many modern geological prejudices - parti 
pris have developed.  Regional mapping and mineral exploration offer a static interpretation to 
geological processes.  This contrasts with the tenet or dogma of modern hydrogeology that 
processes are ongoing and dynamic.  For instance the rock mass is not weathered, but is 
weathering. 
 
Geological descriptions of the region have not yet fully explored the litho-structural control of the 
fissure fault swarms or the abundance of carbonates and carbonaceous material in the rock mass.  
The presence of which is often masked by the elution of the weathering profile above the water 
table. Mapping surface outcrop of quartz reefs was initiated on the Quarter Sheets in the 1850’s and 
provides invaluable guide to the extent of the fault swarms.  Biostratigraphic units rather than rock 
units have become the mappable unit, this is because of the folded, faulted and weathered nature of 
outcrop and lithological distribution. 
 
The Ordovician rock mass of Central Victoria, contains the “great fissures” of Ferguson, the porous 
rocks of Skeats and unconsolidated sands at Glenlyon.  Below the water table the sandstone units 
of the region contain accessary feldspar, carbonate and lithic material.  Clay minerals in weathering 
profiles change at depth with the dominant mineral proceeding from kaolinite to montmorillonite-
beidelite-smectite and then to the illitic group.  Carbonate minerals and carbonaceous material are 
widely distributed throughout the rock mass at concentrations of 0.5 – 5%.  A wider distribution of 
cone-in-cone limestone has been established and Cannon ball concretions with ankerite cement 
have been identified in Daylesford area. 
 
On many of the gold-fields of the region, structural trends have been identified by the coursing of the 
reefs or outcrop of the lodes.  Sometimes termed Line of Lode and given names, such as the Cornish 
Line on the Daylesford Gold-field, the New Chum on the Bendigo Gold-field, or the Yorkshire Line 
on the Ballarat Gold-field.  These are persistent fissure fault systems, with the west dipping thrust 
fault being dominant in the sandstone rich sequences of the Lower Ordovician.  The faults form 
fissure networks that can be traced in meridional corridors for almost 40 km from the recharge areas 
of the Great Dividing Range to the discharge zones of along the Loddon River.  The fissures 
provide the contiguous elements for the deep perennial movement of groundwater to great depths 
and long distances. 
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4 Hydrogeology of the Mineral Water Flow Systems of Central Victoria 
 
Summary  
 
In modern times the hydrogeological studies of the Lower Palaeozoic rocks of Central Victorian 
has been focused on catchment degradation, dryland salinity processes and the estimation of 
dewatering requirements for new gold mine proposals.  Detailed studies at mineral exploration 
sites, pumping tests in the mineral spring reserves and commercial extraction sites have provided 
limited but new information on the behaviour of the bedrock aquifer.  Monitoring bore networks 
now have nearly three decades of water level data and provide detailed information on the response 
to meteorological variables.   
 
A vast repository of information is held in historical mining literature that offers an abundance of 
empirical evidence on the occurrence, extent, persistence and abundance of water in the bedrock 
aquifer systems.  Reef mining operations in Central Victoria attained depths of more than 1.6 km 
with groundwater flow still encountered in the base of the deepest mines, water management was a 
significant factor in the economy of mining.  Modern hydrogeological assessments have 
disregarded or ignored the extensive repository of mining literature, historical maps and sections.  
Historical records provide an insight into the geology and structural labyrinths of the bedrock and 
provided a foundation for the current evaluation of the hydrogeology and hydrodynamics. 
 
In Central Victoria between Ballarat and Bendigo individual fissure networks associated with the 
mineral water flow systems can be traced over long distances.  Continuous surface outcrop of the 
fissures as quartz reefs or “lodes” can be traced over contiguous distances of 2 – 4 km and these 
were one of the features presented on the nineteenth century Gold-field maps.  Characteristically 
the deep flow systems follow the “lines of lodes” identified on the gold-fields as these establish 
near meridional permeability corridors.  In the Daylesford gold mines fissure conduits were 
mapped in three dimensions to depths of more than 450 m and can be traced on the Cornish Line 
by interpolation between mines for more than 8 km. 
 
In the low relief terrain spreading below the crest of the Great Dividing Range groundwater flow 
systems have been subdivided into a simple dual aquifer representation based on physico-chemical 
characteristics of the waters and circulation patterns.  A terrain based subdivision of local-
intermediate-regional categorisation has not been applied.  An open shallow system and 
complimentary deep closed system provide the thermodynamic basis for the chemical and physical 
differentiation between the water types and flow mechanisms.  Some mineral springs occur where the 
deep closed system has been penetrated by the incision of the surface drainage system.  In the 
discharge zones the natural heterogeneity of the fissures systems and the potential energy of the fluids 
in the fissure systems mixing and reflux may occur.  At some locations thick mixing heterogeneous 
zones exist but a well defined Ghyben – Herzberg interface is not suggested. 
 
The flow systems are in extensive Lower Paleozoic fractured rock systems, consisting of largely 
indurated arkosic sandstone and shales, while some beds retain primary porosity and unconsolidated 
material has been found in a deep bore at Glenlyon.  In the upper weathered mantle of the rock mass 
permeability is controlled by discontinuities such as; fissures, joints, fractures, cleavage and bedding 
plane partings.  At depths of more than 150 m below the influence of mass wasting and erosional 
unloading flow exists in conduits provided by the major fissure fault systems.  The persistence of the 
fissure systems relates to the mechanics of rock mass failure and substantial litho structural control 
exists. 
 
Recharge to the shallow open groundwater system occurs on the interfluves throughout the 
catchment, and can lead to the bacterial contamination of springs where mixing occurs.  The deep 
closed perennial flow systems are recharged by leakage through the weathered mantle of the 
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shallow system predominantly in a narrow band along the crest of the Great Dividing Range.  
Identification of the deep flow system recharge areas is made on the basis of chemical composition 
and that the shallow system is influenced by isothermal evaporation  and iterative recharge process.  
Ascension processes may mask the nature of the emergent deep flow system waters that undergo 
substantial redox changes and mixing with the local shallow groundwaters, and these reflect the 
dynamics of the discharge areas.   
 
Many spring mounds exist in the region, and they include active, dormant and abandoned 
examples.  The configuration of tufa at the mounds suggests changes in discharge rates and in the 
location of discharge points.  Some mounds are abandoned due to clogging of the formation and 
have suffered as a consequence of anthropological activity, with one of the major mounds quarried 
and burnt in lime kilns.  
 
In the Daylesford region mine dewatering events of the 1910 – 1914 period provided substantial 
information on the volumetric flow and rates of replenishment.  Recovery of flow and of the water 
quality from these events took many years.  The propagation of the dewatering ellipsoids were 
strongly directional and mines many kilometres along strike influenced or stopped spring flow.  
The age of the deep system mineral waters is open to conjecture, notwithstanding the obvious 
inference from the occasional faecal contamination due to creek water or soil water contributions.  
The dewatering of the mineral water system by 90 years of mining activity and the replenishment 
by shallow system leakage.  Due to the chemistry of the water age dating techniques using tritium, 
CFC’s and carbon isotopes have proven inconclusive.  Replenishment and aquifer hydraulics 
provide some insight into the antiquity of the waters.  Monitoring of the spring flow and 
groundwater levels illustrates the strong correlation between seasonal, diurnal, and barometric 
metrological fluctuations with a hysteresis lag in response to recharge events that occur higher in 
the catchments.   
 
The sustainable development and utilisation of the mineral water system now relies on the 
recognition that the system has been dewatered in the past, that flow and chemistry will re-
establish, given time.  It is however recognised that the hydraulics of extraction must be balanced 
to accommodate the natural through flow to maintain the water characteristics.  In the management 
of the mineral waters the extraction regimes must be closely monitored as would be the case be in 
establishing an extraction regime within the Ghyben – Herzberg interface. 
 
4.1 Descriptive Hydrogeology 
 
4.1.1 Hydrogeological Units 
 
An assessment of the hydrogeological units is necessary to identify the mode of occurrence of 
mineral water and enable the extrapolation beyond occurrence to potential or unexplored potential 
occurrences of mineral water.  A meaningful understanding of the occurrence of the Central 
Victorian mineral waters can be achieved in this framework as it considers the locations, 
catchments, geology, flow rates, water chemistry, and the recharge – discharge relationships Shugg 
(1996).   
 
The mineral waters occur in fracture flow systems in the Ordovician, Silurian and Devonian labile 
arkosic sandstones and greywackes.  
 
4.1.2 Mineral Spring Occurrence of Central Victoria 
 
In general, the occurrence of the mineral springs have in common the following features: 
 
1. They are discharge points for flow systems in fault swarm corridors; 
2. Development in the Ordovician arkosic sandstones and greywackes; 
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Notable: exceptions occur at Apollo Bay, Donnybrook60, Kyneton, Turpin Falls, 
Dropmore, and on the Bellarine Peninsula61.   
3. Mineral springs are located between 2.5 to 45 km of the crest of the Great Dividing 
Range; 
4. Principal recharge takes place along the crest of the Great Dividing Range, from the 
Clarendon springs in the west to the Flowerdale springs in the east, a distance of 150 km; 
5. Recharge is by leakage through strongly weathered rocks or as leakage through superficial 
aquifers; 
6. A separate shallow or open ambient groundwater circulation system exists in these rocks; 
and, 
7. The ascending mineral waters from the deep closed perennial flow system may mix with 
the shallow waters in the discharge zone.   
 
Most of the mineral springs occur as point groundwater discharges from the fractured Lower 
Ordovician bedrock.  Around 100 mineral springs have been mapped and located around the 
Daylesford Region.  Many of the springs have localised outlets referred to as eyes.  Sometimes calc-
tufa mounds at the point of discharge marked the egress zone. 
 
The springs lie within the structural unit bounded by major north - south trending faults, the 
Muckleford Fault located to the west of Daylesford and the Djerriwarrh - Mount William - Heathcote 
fault system in the east.  
 
Mineral springs may also occur as: Diffuse discharges over an area of Ordovician outcrop, as spurts 
of mineral water from bedding plane partings, from the fissure conduits of the thrust faults or from 
minor structural discontinuities in the rock mass such as radial joints near the apex of anticlines.  
However, the discharge is usually focused through one or several interconnected fissures near the 
base of a stream. 
 
4.1.2.1 Enigmas of Carbonated Mineral Water Occurrence 
 
Geological and topographic elements combine to produce circumstances suitable for the 
development of mineral springs.  Hydrogeologically, the occurrence of the carbonated high 
bicarbonate mineral water facies and the mineral springs of Central Victoria is related to six core 
variables.  These are: 
 
1. Thick weathering profiles62 through which the waters descend and ascend; 
2. Lithology and rock composition association suggest structural – litho control; 
3. Swarms of faults provide linear conduit fissure channels for movement between the 
recharge and discharge areas and form contiguous deep closed groundwater flow 
systems; 
4. Recharge by Low chloride waters; 
5. Development of Low sulphate, high iron, acidic pH on exit; and, 
                                                     
60 At Donnybrook, Somerton, Kyneton and Turpin Falls the water ascends through a veneer of fractured and 
faulted basalt. 
61 Details of each of the exceptional springs are contained in the accompanying Technical Notes.  
62 Dynamic and static terms have been used describing the weathered zone or weathering profile, in context 
weathering is an ongoing process and the terms have been used variously. Similarly, the term saprolite is 
used to describe insitu weathered material, while the term regolith may include weathered transported 
material.   
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6. Spring eyes occur where surface stream incision penetrates the flow systems of the 
great fissures. 
 
4.1.3 Aquifers in the Mineral Springs Region 
 
The principal groundwater aquifers in the Mineral Springs Region of Central Victoria are the 
Ordovician bedrock aquifer and the Quaternary basalt aquifer.  The Ordovician bedrock aquifer is a 
fractured rock aquifer.  In a small portion of the catchment alluvial sands and gravels of the 
Pliocene Deep Leads (eq. Calivil Formation) overlie the bedrock. The recharge of the mineral 
water in the region involves the movement of groundwater from the Quaternary basalt and the 
saprolitic mantle in the weathering profile developed on the Ordovician bedrock aquifer (Figure 
46). 
 
The nature and occurrence of rock mass discontinuities was described in great detail in the early 
mining literature of the Daylesford Gold-field by Krause (1878), Amos (1889), Amos et al. (1913), 
Taylor (1893, 1894), Hunter (1896), and Whitelaw and Baragwanath (1914).  Other reports by Dunn 
et al. (1912), Skeats (1914) and Whitelaw and Baragwanath (1923) discussed how mining activity 
encountered and influenced water movement in the bedrock system.  Baragwanath (1914), Skeats 
(1914), and Whitelaw and Baragwanath (1923) and Kenny (1933) provided examples of underground 
discharge of mineral water from fissures encountered in bedrock mines.  
 
Dilated fracture networks in and just below the weathering zone, to 150 m, of the bedrock aquifer 
develop a open, local or shallow groundwater flow system.  In this ambient or local groundwater flow 
system bedrock groundwaters develop towards a sodium chloride geochemical facies (Figure 46). 
 
At the mineral springs mineral water discharges at the surface through fissures in the Ordovician 
bedrock.  The fissures are discontinuities in the bedrock, which may be, dilated orthogonal joints in the 
competent sandstone units, bedding plain partings, radial joints at the apex of anticlinal structure or the 
vuggy planes of thrust faults.  At depths of greater than 100-150 m, below the zone of stress release 
dilation due to weathering processes, the principal conduits for the deep circulation of fluids are the 
meridional west dipping and conjugate east dipping thrust faults. 
 
The folding and faulting was recorded in the surface and underground structural mapping of the 
Daylesford Gold Field which was carried out by Baragwanath (1905) and Whitelaw and 
Baragwanath (1914, 1923). High permeability zones may occur in the more strongly developed 
eastern limbs of anticlinal structures particularly when crossed by the west dipping thrust faults 
(Figure 47).  The transmission of fluids in the plane of the thrust faults increases the anisotropy of the 
rock mass. 
 
4.1.3.1 Mineral Water Occurrence in Investigation Bores 
 
Two aspects of mineral water occurrence that have gained attention and attracted geological interest 
these are: the type of rock type that the water escapes from and the lithology that the water is most 
frequently associated with. 
 
Drilling records from bedrock bores (Appendix 04.02) less than 90 m deep located in the spring 
reserves illustrate that mineral water is encountered in the full spectrum of lithologies (Figure 48).  
The dominance of the competent strata sandstone and quartz reefs increases with depth (Figure 48).  
One lithological variant not represented is the porous sandstone and grit referred to by earlier workers 
(Skeats 1914, Ferguson 1907) and found in two Mines Department bores63.  Importantly the 
63  Franklin 20 (18 – 20 m) in Lithia Spring Reserve, and unconsolidated, uncemented sands and porous 
sandstones in the 260 m deep Government bore Glenlyon 4. 
lithological association encountered at shallow depths in the discharge area does not reflect the 
pathway at depth.  The bore hole sample group represents the profusion of shallow rock mass 
fracturing and is influenced by the competence of the rock units.  At depth the occurrence recorded in 
bedrock mines shows that mineral water flow is developed in dilated discontinuities associated with 
the thrust faults. 
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Figure 46. Schematic representation of hydrogeological relationships; recharge, multiple 
groundwater flow systems and the occurrence of mineral springs. 
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Figure 47. Schematic representation of permeability corridors in the folded and faulted 
Ordovician rock mass. 
 
Several of the mineral spring eyes have been exhumed in the last four years and the rocks at the 
discharge has been unearthed and examined.  Some mineral spring water rises through carbonate 
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sinter  impregnated blue grey shales – with cross joints.  Fractured sandstone has the most common 
association in the shallow bores drilled in the spring reserves.  In the upper 15 m mineral water 
occurrence appears to be almost equally distributed among all rock types.  Below 40 m occurrence 
is almost only in fractured sandstone and quartz veins (Figure 48). 
 
4.1.4 Pliocene – Pleistocene Newer Basalt Aquifer 
 
In the Daylesford region of central Victoria the Newer Volcanics extend from the crest of the Great 
Dividing Range to the north and south for many kilometres as part of an extensive and dissected lava 
field (Figure 49).  
 
The volcanics consists of a series of basaltic lava flows, interflow soils, tuffs and agglomerates.  
Fractures, joints and gas vesicles in the basalt provide conduits for the movement and storage of 
water.  The basaltic rocks form a suite of fractured rock aquifers.  In the Daylesford area, these rocks 
usually have a combined thickness that does not exceed 60 m. 
 
Late Tertiary volcanic activity that produced the extensive volcanic plains of the southern and 
western parts of the State.  Of principal interest is a 30 km wide meridional belt extending 20 – 30 
km from the crest of the Great Dividing Range centred on the region including the townships of 
Kyneton - Taradale, Trentham, Blackwood, Daylesford and Newstead.  In this portion of the 
Central Highlands, the basaltic rocks form a thin discontinuous veneer covering much of the 
elevated terrain.  Its significance is that it forms a saturated aquifer that provides recharges to the 
underlying Ordovician bedrock.   
 
Westwards the basalt plains are more extensive and extend between Ballan – Ballarat – Ascot – 
Clunes and Maryborough where they are generally thicker and obscure large tracts of Lower 
Ordovician rocks and alluvial Deep Lead (eq. Calivil Formation) aquifer systems. 
 
4.1.4.1 Age  
 
The basaltic rocks of the Daylesford - Kyneton area are Pliocene-Pleistocene in age ranging from 0.6 
– 4 Ma, (McKenzie et al.. (1983) and Ellis and Ferguson (1988)).  Volcanics that are more recent 
have been dated in Western Victoria at Mt Eccles and Tower Hill that place late volcanic activity as 
recent as 5500 – 6000 BP.  Other Cainozoic volcanics include Miocene (4 - 6 Ma) and the more 
extensive Eocene Older Volcanics (21 - 24 Ma) that occur to the south in the nearby Ballan area.  
Extrusion probably correlates with periods of crustal distension and the rise of lavas from depths of 
40 – 80 km. 
 
4.1.4.2 Geomorphology 
 
Extrusion and ejection of basaltic rocks in this part of Central Victoria has had a significant 
geomorphological impact on the landscape.  Infilling of ancestral stream valleys resulted in the 
formation undulating basalt plains that extend from the low rounded peaks of the many eruptive 
centres in a lava field.   
 
Inverted landforms exist along the valley of the Loddon River (Figure 50) which is accompanied 
by a chain of basalt capped hills from Lyonville to Vaughan.  Ancestral and modern stream 
thalwegs cross in the landscape and this is due to the down cutting of the drainage system, the shift 
in the position of the drainage divide and minor movement on faults such as evident on the 
Muckleford Fault at Vaughan.  Excellent examples of twin lateral streams follow the basalt flow 
from Mt Bullengarook as Goodman’s Creek and Coimadai – Djerriwarrh Creek.  
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Figure 48. Occurrence of mineral water in discharge zone bores; associations with depth 
and lithology based on GSV records of drilling in Mineral Spring Reserves. 
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Figure 49. Distribution of the Newer Volcanics in the Daylesford area of Central 
Victoria. 
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Figure 50. Mine shafts and parallel drainage pattern following the meridional structural 
alignment in the Upper Loddon river valley with remnant capping of Newer 
Volcanics on the interfluves. 
 
4.1.4.3 Recharge 
 
The rainwater directly recharges the Basalt aquifer, and this may be enhanced by the tillage activities.  
In the higher rainfall areas near the crest of the Great Dividing Range the Basalt aquifer has less than 
50 mg/L total dissolved salts and a chloride concentration of less than 10 mg/L (Shugg 1974).  In this 
instance based on the rainfall chloride mass balance, the groundwater recharge would be in excess of 
250 mm/a.  In the mid catchment assessment of groundwater hydrographs at Coomoora east of 
Daylesford (Del H 3 m, S 0.02 – 0.2) suggest recharge rates of 50 – 170 mm (Figure 51). 
 
In the lower rainfall basalt aquifer irrigation area of Dean – Ascott situated to the west of Daylesford 
Douglas Partners (1996) estimated the recharge rates as 20 - 40 mm/a with levels exceeding 100 
mm/a around the scoria cones.  Schaefer and Kecskemeti (1981) allowed for a soil atmosphere 
containing as much as 80% carbon dioxide in simulations of recharge leaching of basalt samples 
that produced high alkalinity waters implicitly assumed a much higher effective porosity in the 
vadose zone.  
 
4.1.4.4 Relationship with other Aquifers 
 
At the crest of the Great Dividing Range some groundwater from the basalt aquifer percolates 
downwards into the underlying Ordovician bedrock aquifer.  The relative heads and hydraulic 
conductivity suggest that only small areas are required to supply the recharge to sustain the flux in 
the deep flow systems. 
 
The basalt aquifer at Gordon the Black Hill and Wades farm sources supply relatively fresh water 
that is associated with scoria cones for the fresh water bottling market.  In addition around 15 ML/y 
is extracted for commercial bottling purposes and sold as mineral water.   
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Figure 51. Mid catchment hydrograph from the basalt aquifer near Daylesford, 
illustrating hysteresis lag and a strong seasonal climatic influence. 
The basalt aquifer groundwater in the upper catchment has less than 350 mg/L total dissolved salts and 
less than 50 mg/L sodium.  The aquifer is vulnerable to nitrate accession and the wide spread use of 
biocides and herbicides by the potato growers in the Musk – Bullarto area.  Biocides and herbicides 
may have residual concentrations in some of the soils of the area, but have not reached the 
groundwater.  Preliminary studies have been undertaken to examine the pesticide residue in soils in 
the Wombat and Kangaroo Creek water supply catchments by Clinnick et al. (1988).  Bannister 
(1989) carried out some background determinations on groundwaters for the Mineral Spring 
Advisory Committee monitoring program, no significant levels for the pesticide residue indicators 
were detected.  The results of State Government studies summarised by SKM (1995) indicated that 
pesticides do not readily reach the water table, and this may be due to either absorption on 
particulate material in the vadose zone or loss to the atmosphere by volatilisation. 
 
4.1.4.5 Aquifer Characteristics and Limitations of Testing 
 
The hydrogeological characteristics of the Newer Volcanics have been tested locally in only a 
small number of pumping tests.  Data sets are available for the aquifer in the Ascot, Gordon, 
Dunnstown and the Port Phillip areas.  The hydraulic conductivity usually falls in the range 1 – 5 
m/d and the Specific Yield between 2 - 5% (Macumber (1974), Riha and Kenley (1978), Shugg 
(1995), O'Rourke, Shugg and Collett (1995), Douglas Pt (1996)).  A break down of different basalt 
types found in the Decan basalts of India (Table 10) provides some indication of the variability of 
these characteristics.   
 
Preserved below the basaltic rocks and above the underlying weathered surface of the Ordovician 
bedrock are the alluvial sediments associated with the ancestral river systems.  These were loosely 
defined as the Deep Leads (Calivil Formation eq.) by Hunter (1908) and have been extensively 
mined to the alluvial and insitu64 gold. 
                                                     
64  Euhedral gold crystals grown in the Deep Leads see Brough Smyth (1869), Hunter (1909). 
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Table 10. Hydraulic properties of the Decan Basalts of Maharastra India (Data after 
Deolankar (1980)). 
 
Basalt category Porosity % Specific Yield % Transmissivity m2/d 
Weathered basalt 10 - 34 2 - 7 90 - 200 
Fracture jointed basalt 5 - 15 0.5 - 10 140 - > 
Vesicular basalt  10 - 50 1 - 3 50 - 200 
Amygdaloidal basalt 1 - 4   
   Hydraulic Conductivity 
Victorian Tvn  2 - 5 1 - 5 
1 – 170, median of 13 * 
 *Riha and Kenley 1978, and O’Rourke et al. 1995, from specific capacity. 
 
4.1.5 Ordovician Bedrock Aquifer  
 
4.1.5.1 Dual Aquifer System 
 
A dual aquifer conceptual model of the Ordovician bedrock aquifer has been developed to explain the 
existence of the deep flow systems and the perennial springs (Shugg and Knight, 1994).  The aquifer 
is subdivided into shallow and deep flow systems.  The model is based partly on the relaxation effects 
of mass wasting and empirical observations (Figure 52) of the reduction in hydraulic conductivity 
with depth (Stewart, 1979) and partly on mine and deep bore hole intersections of the thrust faults – 
crush zones.   
 
In fractured rock systems, the effective aperture of the conduits regulates groundwater circulation.  
The load of the rock mass influences the width of the opening of joints and partings and the width 
and number and numeracy diminishes with depth (Figure 53).  A consequence is that the dilation of 
minor rock mass discontinuities become constricted by a depth of around 150 m.  Below this depth, 
major thrust faults65 provide dilated conduits for the movement of groundwater.  The existence of 
meridional swarms of deep conductive fissures provides a favourable setting for deep closed 
groundwater flow.  This leads to the coexistence of two markedly different flow systems within the 
bedrock aquifer.  
 
The shallow open system in the recharge areas possesses a dual porosity weathering profile that forms 
a skin on the aquifer and provides a mechanism for the storage and slow release of water to the fracture 
systems.  This property provides the hysteresis lag effects in the groundwater hydrographs that fall 
behind the rainfall and stream flow hydrographic events. 
 
The fissure systems in the Ordovician bedrock may be subdivided into two sets; a strong major set 
that extends to great depths in the bedrock and a second more prolific set of structural discontinuities 
with dilation due to the reduction in stress and loading at shallower depths.   
 
The first set of fissures is related to the numerous major and tectonically active meridional striking 
conjugate thrust faults.  The thrusts faults exhibit some strike slip, but are generally concordant with 
the bedding and strike 320-340o.  Within the major set of bedrock faults, are a group of vertical 
dipping faults that strike obliquely to the bedding, and these are known locally as cross courses.  The 
cross course strikes 355o to 320o.  The “cross course” or “counter load” was usually displaced by the 
thrust faults (Whitelaw and Baragwanath, 1923).  The confluence of these structures could produce 
local tension zones that were infilled with vuggy and fractured quartz.  
 
 
 
                                                     
65  Termed “great fissures” by Ferguson (1906). 
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Figure 52. Reduction of inter fracture rock mass permeability with depth Redcastle 
(Stewart, 1985). 
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Figure 53. Reduction in Joint Frequency with depth in Palaeozoic bedrock profiles 
Wandin Yallock (Shugg, 1996a). 
 
4.1.5.2 Fissure flow systems 
 
The mineral water aquifer occurs within the Ordovician bedrock aquifer and relates to a portion of the 
groundwater circulation that takes place in a set of major fissures.  Major fissures in the Ordovician 
bedrock extend for considerable distances along the strike of the strata and that may be traced to great 
depths. 
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Mineral water was commonly encountered in the underground reef mining of the Daylesford 
Goldfield.  Mineral water was observed at depths of more than 450 m in the Ajax Reef Mine.  The 
deep circulation of groundwater takes place in fissures related to the numerous major and tectonically 
active meridional thrust faults66 and the less oblique faults.  The fault planes are dilated to great 
depths below the surface and were mapped in the mines on the Daylesford Goldfield (Whitelaw and 
Baragwanath, 1923).  Elsewhere in central Victoria, faults of this type were observed in the reef 
mines to depths of more than 1.6 km.  From deep seismic surveys (Grey and Willman, 1991), it may 
be implied that these discontinuities in the rock mass extend to decollement surfaces below 5 km.  
 
The shallow fissure systems may provide additional openings in the rock mass for ascending mineral 
water to escape.  The retention of the mineral waters chemical characteristics in this shallow bedrock 
zone is dependent on the flushing or displacement of the ambient groundwater by the strong flow of 
mineral water in discrete fissures. 
 
The auriferous quartz reefs or "lodes" developed in the planes of the faults in the bedrock and were  
pursued by the gold miners.  The lodes found in the west dipping thrust faults were known as 
"verticals", those in the east dipping thrust faults as "flat makes" and associated with the cross course 
were referred to as "counter lodes".  A relative movement of the bedrock at the intersection of the 
thrust fault "the lode" and the oblique fault (cross course) "counter lode" could result in a zone of 
quartz reef developed along the tension zone (Figure 54).  On the Daylesford goldfield these zones of 
reef development were found to extend over a vertical distance of 100 m, and may be repeated many 
times along each dominant fissure.   
 
The conduits associated with the major faults, the quartz lodes and minor discontinuities (Figure 55) 
can form significant channel ways for the circulation of mineral water.  Deep fissures are present in 
the rock mass and were identified in the underground gold mines of Central Victoria.  The fissures 
are usually the manifestation of strongly developed thrust faults and are dilated to great depths below 
the surface. Transmissive fissures in the deep bedrock gold mines in Central Victoria were 
encountered to the depths of the mines, which reached 0.5 - 1.6 km.  Deep crustal seismic surveys 
infer that these discontinuities may extend much deeper into the rock mass. 
 
Line of Main Lode
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N20W (340)
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Figure 54. The occurrence of major conduit development in the Ordovician rock mass at 
the intersection of strike slip thrust and oblique faults (modified from Whitelaw 
and Baragwanath, 1923). 
 
66  Thrust faults occur in the Daylesford Goldfield as conjugate pairs — a west and a east dipping fault.  The west dipping 
faults are steeper and dominant.  The faults have a near meridional strike which is close to that of the enclosing strata. 
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Figure 55. The occurrence and vertical distribution of rock mass discontinuities in the 
folded Ordovician rock mass. 
 
4.1.6 Hydraulic Properties of the Ordovician Aquifer 
 
The hydraulic properties of the bedrock aquifers have been examined from comprehensive and long 
duration pumping tests conducted in the Daylesford Region67 and in mine dewatering investigations 
and modelling (Forbes and Showers, 1988).  These tests provide a rich ground for the reinterpretation 
of data, as apart from Szabo (1976) and Shugg and Knight (1994) only rudimentary radial flow and 
isotropic analysis has been applied.  In the present study methods of analysis were enlarged to include 
examination of linear flow, sloping water table surfaces and directional variability of heterogeneity 
and anisotropy.  The Storativity values obtained from the pumping test analysis suggests unconfined 
response, but the values are moderately low and may only account for the conduit storativity.  In the 
upper sections of the aquifer tested in the bores the specific yield due to fracture porosity is around 
0.01 - 0.4%.  The effective Transmissivity for less than 50 m of saturated fractured bedrock aquifer 
around Daylesford is in the range: 2 - 10 m2/d and the corresponding hydraulic conductivity ranges 
from 0.04 to 0.7 m/d.  Values adopted for use in analytical simulations are 10 m2/d for transmissivity 
and 0.025 for specific yield.  A summary of the pump test results are included in Table 11, results of 
tests in the basalt aquifer of the area are included for comparative purposes. 
 
In the unsaturated zone and weathering profile joints are dilated and shales and greywackes are 
weathered to clay mineral assemblages.  High specific yields and effective porosities may be greater 
than 5% - 10 %.  Near the Heathcote township of Central Victoria the major fissure the Heathcote 
Fault was found to have a transmissivity of 70 m2/d (Drury, 1990).  Highly transmissive zones in the 
bedrock aquifer exist and provide preferential flow pathways in the rock mass in the same way as low 
permeability barriers may dam or mound groundwater up gradient. 
67 Detailed documentation of the pumping tests have been compiled and are included in the accompanying 
Technical Notes on Lithia Springs, Central Springs, Sutton Spring, Table Hill and Hepburn Mineral 
Springs Reserve. 
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Table 11 Hydraulic characteristics for the Ordovician bedrock and Quaternary basalt 
aquifers from pumping tests (horizontal radial flow solution). 
 
Site Q m3/d D/D m Specific 
Capacity 
m2/d 
Transmissivity 
m2/d 
Storativity 
S (x10-2) 
Data Reference or 
Source 
Comments 
Quaternary Basalt Aquifer 
Kerrit Barrit 
39 
430   90 – 120 2 – 4 Macumber (1974) Long term test, 
Gordon 
Kyneton 60 4.3 14 1.7  Lawrence (1964) Tvn bore developing 
mineral water 
Tourello 432 11.7 37 42 0.25 Douglas Pt 1996 Shugg re analysis 
Dunnstown 467 14.5 32 15 1.0 Douglas Pt 1996 Shugg re analysis 
Ordovician Bedrock Aquifer 
Deep Spring 100 50 2    See TN# 
Hepburn 17 2 9 8.4 0.31 Macumber (1973)  
Hepburn 25 0.6 42 1.9 2.40 Szabo (1976)  
Hepburn 25 2  14 8 Shugg  Re analysis 1976 
Hepburn  110 20.65 4 2-10 0.5 Shugg* (1992) Emergency bore 
Hepburn 17 2 9 8 0.3 Lawrence (1971) Pavilion WBS 
Hard Hills 69 2.9 24 5  Thompson (1966)  
Hard Hills 23   3 40 Macumber (1973) Average of four 
Hard Hills    8  Lawrence (1971)  
Sutton 60 1.6 38 16 0.01 Thompson (1966) Average of five 
Sutton 34 0.6 57 6.2 3.80 Lawrence (1971)  
Sutton  164 10.3 16 2.9 0.004 Szabo (1976) Table Hill 
Lithia 98 3.1 32 33 0.36 Szabo (1975)  
Limestone 
Ck  
32 - 
657 
4 – 27 1.5 - 40 10 – 110 0.2 – 1.1 Scalex Minerals 
(1980) 
(4 bores up to 150 m 
deep) 
Glenlyon 131 45.7 2.9 0.8 – 5  Taurina Spa Test 1  
Glenlyon 65 11.3 5.8 2 – 6  Taurina Spa Test 2 
Deep Creek 100 50 2   A Shugg (1999) Eganstown MW bore 
Bendigo68         
New Chum 864   25 0.002 AGC* (1983) Mine site test 
Carshalton 864 8.91 100 20 - 1000  AGC* (1983) 12 days, PB, Jacob 
    20 - 80 0.6  OB, Stallman, Boulton 
New Chum 1120 3.91 290 40 - 100   AGC* (1983) 12 days, PB, Jacob 
    100   OB, Theis 
Garden Gully 1210 1.59 760 50 - 90  AGC* (1983) 15 days, Jacob 
Carshalton 130 6.39 20 10 - 40  AGC* (1983) 2 days, pump Jacob 
    10 – 200 0.05  observation Boulton, 
Stallman 
New Chum 170 46.34 4 1 - 10  AGC* (1983) 2.5 days, pump Jacob 
    50 - 100 0.2  observation Theis, 
Stallman 
Garden Valley 172 61.24 0.04 1 - 6  AGC* (1983) 3 days, pump Jacob 
Nell Gwynne 70 33.23 1.5 0.3 - 1  AGC* (1983) 2 days, pump Jacob 
    10 - 100  0.01  observation Theis 
Fosterville    8 - 15 0.006 – 
0.06 
Coffee Partners Radial flow shallow 
tests K 0.3 - 2 m/d 
Heathcote    70  Drury  (1990) Heathcote Gold 
Castlemaine 
1:100,000 
33  4  Median K 0.3 m/d A Shugg, n=77 Median values from 
bore intersections 
Port Phillip    Median K 1.3 m/d O’Rourke et al 
1995 
Ibid 
See TN# refer to accompanying Technical Notes and databases on the Mineral Springs. 
* AGC Australian Groundwater Consultants, was bought out by Woodward Clyde and in turn by URS. 
 
                                                     
68 Pumping tests, high yielding from shafts and low yielding from bores with tests along Bendigo structural lines 
(AGC 1983, see also Forbes and Showers, 1988). 
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4.1.6.1 The Shape of the Drawdown Surface and Anisotropy 
 
The shape of the potentiometric surface during the pumping tests was not symmetrical, and reflected 
the complexity of the aquifer and the antecedent conditions.  Horizontal aquifer anisotropy has been 
examined and some attempts to quantify it presented (Szabo 1975, 1976 and Shugg and Knight 
1994).  The complexity of the drawdown surface and its representation can be seen in (Figure 59) 
which indicates that although trends are evident that the increased number of observation points 
increases the degrees of freedom and the complexity of the analysis.  Geologically the aquifer is 
unconfined, it is fractured, dilatancy diminishes with depth and varies between lithologies and the 
potentiometric surface is sloping.  Previous pump test analyses were presented by Szabo (1975, 
1976), Laing (1977) and Shugg and Knight (1994) and were based on horizontal flow analysis 
incorporating anisotropy69.  Reinterpretation of the old pumping test data has enabled estimates of 
the apparent horizontal anisotropy ratio between the principal and minor transmissivities.  The 
principal axis of transmissivity (for Tx) is not coincident with the strike of the strata.  This departure 
may reflect the development of fracture systems normal to the bedding and oblique to the strike and be 
sympathetic to the direction of the conjugate shear failures and fracturing in the competent beds.  The 
effective transmissivity (Te=[TyTx]0.5) determined from pumping tests between 3 - 20 m2/d, with a 
maximum directional transmissivity of around 60 m2/d and the anisotropy ratios varying from 3 to 30 
(Shugg and Knight, 1994).  An analysis of horizontal anisotropy in the Ordovician bedrock on the 
Bendigo Gold-field based data presented by Forbes and Showers (1988) suggests anisotropy ratios 
from 13 to more than 2000.  The transmissivity along strike was 4 to 74 m2/d and across strike of 
0.02 to 0.32.  In modelling of dewatering Forbes and Showers (1988) used an effective 
transmissivity of 0.5 m2/d and a storativity of 0.005.  Linear flow analysis can be applied to some 
of the observation bore curves in the test in Hepburn Reserve.  Response in the other reserves such 
as Lithia suggests that the response is more complex.  The influence of local anisotropy, 
heterogeneities and sloping water table may have to be considered in the interpretation.  The cone 
of drawdown is an irregular shaped depression in the water table surface.  In Lithia Spring Reserve 
21 bores were used in pumping tests Szabo (1975, 1976) and reproduced in part in Laing (1977).  
The irregular shape of the water table before and after the pumping tests is included as Figure 56 - 
Figure 58. 
 
4.1.6.2 Distance Drawdown Analysis 
 
Distance Drawdown Interpretation for the Test on Franklin 12 based on the graph of drawdown 
below (Figure 59). 
 
Table 12. Transmissivity and storativity determined from distance drawdown analysis, 
pumping test conducted on Franklin 12, Lithia Spring Reserve (June 1975).  
 
Distance Drawdown Transmissivity m2/d Storativity 
Te – effective value 13 0.0018 
Ty – brachy70 axis 10 0.0134 
Tx – maximum axis 15 0.0002 
 
4.1.6.3 Hepburn Mineral Spring Reserve 
 
In Hepburn Mineral Spring Reserve hydrogeological testing programs have utilised shallow 30 - 60 
m deep bedrock bores drilled by the Geological Survey in the 1970’s and a later 90 m deep bore 
drilled by the Mineral Water Committee (Shugg, 1991).   
                                                     
69 The details of these tests and the interpretation is contained in the accompanying Technical Notes on Lithia 
Spring. 
70 Brachy axis is used as the short axis of the ellipsoid in the horizontal plane. 
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The tests examined the permeability and anisotropy of the shallow bedrock aquifer and did not 
assess the hydraulic transmissive potential of the deep fissure systems.   
 
The steep slope on the water table has usually been ignored in the analysis of the pumping tests and 
is discussed here to illustrate the significance in interpretation of pumping test response.  On the 
basis of the specific capacity and the transmissivity values the hydraulic conductivity of the fractured 
rocks in the upper 30 m of the system are around 1 – 2 m/d.  This also appears consistent with the dye 
tracing results and the permeability profile (Figure 52) examined at Heathcote by Stewart (1979) and 
the specific capacity determinations for the Palaeozoic bedrock in the Port Phillip area by O’Rourke et 
al. (1995). 
 
Important characteristics of the Ordovician aquifer response in the reserve not stressed previously 
are:  
• The effect of the sloping water table on; 
• drawdown response; 
• development of a potentiometric stagnation point; 
• delayed recovery of water levels; 
• delayed recovery of “gas” concentrations; 
• The spring was drained within minutes, but flow to the spring did not 
recover for almost three weeks after pumping ceased; and, 
• Limitations of tests that do not include multiple observation bores. 
 
Time drawdown data was used to describe the anisotropy of the aquifer by Szabo (1976) and Shugg 
and Knight (1994).  The presentation of the drawdown surface with vector flow directions (Figure 
57) suggests that linear and normal flow to linear features may occur within the drawdown 
depression.  This contrasts with the overwhelming shape of the potentiometric surface (Figure 58), 
that illustrates a dominance of the sloping water table.  The sloping on the water table influences 
the dimensions and shape of the drawdown surface (Figure 58).  The propagation of the drawdown 
surface reached 250 m in the monitoring bores, (Q of 172 m3/d).  In some of the bores up slope the 
water level continued to drop 6000 – 7000 minutes after the pumping ceased (Figure 60).  These 
lag characteristics have considerable significance in the analysis of drawdown results.  The 
horizontal gradient is 0.04 - 0.05.  The time drawdown response in the pumping test (Figure 60) 
illustrates the lags in response in distant bores and that the recovery of flow in Locarno Spring took 
around 30,000 minutes after the pumping had ceased.  Little of the data can be matched with the 
Theis radial flow curve or other simple methods of analysis.  Drawdown in several of the bores 
followed linear response illustrated on Figure 61, this is represented by a gradient of 0.5 on a 
double logarithmic plot.   
  
Figure 56. The configuration of the potentiometric surface before and after the June 
1975 Pumping Test Lithia Springs. 
 
 
Figure 57. Potentiometric surface before pumping and the contours of the absolute 
drawdown Hepburn Springs, June 1976. 
 
Figure 58. Potentiometric surface at the end of the pumping test (at 11000 minutes) 
illustrating real flow directions and the development of stagnation and 
groundwater divide on a sloping water table during pumping, Hepburn June 
1976. 
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Lithia Mineral Spring Reserve Drawdown in Observation Bores at t = 1035 minutes
PB Franklin 12  at Q= 58.8 m3/d, May 1975
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Figure 59. Distance drawdown response for the pumping test on Franklin 12, Lithia 
Spring Reserve (June 1975). 
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Hepburn Mineral Spring Reserve Pumping Bore Wombat 41, Q= 172 m3/d, 
May - June 1976
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Figure 60. Plot of drawdown in observation bores during the Hepburn pumping test 
June 1976, showing recovery in near bores and continued drawdown in 
distant bores. 
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Figure 61. Logarithmic plot of drawdown in observation bores versus time for selected 
bores during the Hepburn pumping test of June 1976. 
Cross correlation with the drawdown contours on Figure 61 corroborates this observation and it 
reflects both the aquifer anisotropy and the sloping water table. 
 
The distance drawdown plot (Figure 62 and Figure 63) provides a tangible means of assessing the 
aquifer response and deriving the aquifer parameters.  Anisotropy is easily recognised and the 
effect of the sloping water table (Figure 63) can be weighted in when selecting distance drawdown 
gradients.  The drawdown surface is distorted by the dual entities of slope and anisotropy.  The 
effective transmissivity from drawdown plots have not taken into consideration the sloping water 
table and these values are not effective values.  The effective median transmissivity Te is around 50 
m2/d and the storativity is around 0.02 (Figure 62). 
 
Methods of analysis pumping tests with sloping water tables have been presented in Todd (1959), 
Hantush (1964) and Kruseman and De Ridder (1989), and are based on either steady state or transient 
regimes.  The Hantush method is similar to that employed with a wedge shaped aquifer.  The geometry 
of the water table is depicted in Figure 63, and shows the relative position of a bore, the stagnation 
point and the capture zone for the bore.  Analysis of the test assuming steady state conditions, xo = 75 
m (the distance to the stagnation point), α = 0.035 (equivalent to the gradient on Figure 63) and as α = 
Q/(2π kD xo) then kD71 = 10.4 m2/d.  Assuming an effective aquifer thickness of 30 and 60 m then the 
hydraulic conductivity of the rock mass would be either 0.35 or 0.175 m/d respectively72.   
 
4.1.6.4 Dye Tracing 
 
During May and June 2002 a series of tests using fluorescent dyes were undertaken in the Hepburn 
Mineral Spring Reserve.  At Locarno Spring the dye diffusion front took 3 – 6 hours to mix, travel 
to the spring eye and be detected above the threshold concentrations.  The indicated travel rates 
were of 0.2 – 1.2 m/hour (5 – 30 m/d).  It was reasonable to conclude that the unsaturated fractured 
bedrock is highly conductive.  It is expected that the hydraulic gradient close to the spring eyes will 
diminish with distance.  The dye tracing illustrates firstly, the extreme vulnerability of the spring 
eyes; secondly, problems in water chemistry interpretation and thirdly the complex dynamics 
present in the discharge zones.  
 
HMSR Drawdown in Observation Bores at t=11,000 minutes
PB Wombat 41 at Q= 172 m3/d, May 1976
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Figure 62. Semi logarithmic plot drawdown versus distance for observation bores at the 
end of the pumping test June 1976 (11,000 minutes). 
                                                     
71 Equivalent to the transmissivity, and is consistent with other determinations made in the reserve. 
72 The specific capacity determined hydraulic conductivity is 0.3 m/d for the bedrock in the Castlemaine area – 
Appendix 04.03.  Using the Cube Law for flow in parallel plates this is equivalent to 5 fractures per metre with apertures 
of 0.1 mm.  In the deep system with 70 m between fissures an aperture of 0.7 mm would be required to achieve this 
hydraulic conductivity. 
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HMSR Drawdown in Observation Bores at t=11,000 minutes
East of PB Wombat 41 at Q= 172 m3/d, May 1976
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Figure 63. Groundwater surface elevation at 11,000 minutes pumping in Hepburn 
Reserve June 1976. 
 
4.1.7 Mineral Water Temperature 
 
Data on the mineral water temperature has been collected for over 100 years.  The temperature of 
mineral water emerging from the mineral springs of Central Victoria generally varies from 10 - 17o 
C.  There is a good inverse correlation between spring elevation and temperature (Figure 64).   
 
Short term fluctuations of as much as 2o C can occur have been observed over periods of 7-14 days 
at Hepburn and are due to changes in spring discharge and the ambient temperature.  Temperature 
increases and flow diminishes between August and January.  Seasonal variations may be examined 
from the data logger information collected at Hepburn Reserve (Figure 65).  
 
An increased flux of mineral during the winter months might be expected to bring a surge of warmer 
water from depth.  This has not been verified by observation.  
 
4.1.7.1 Bore Profiles - Temperature Variation  
 
The geothermal gradient depends partly on the thermal conductivity and thermal diffusivity producing 
minor variations in gradient.  The temperature of shallow groundwaters is generally mediated to the 
mean annual air temperature.  The temperature and electrical conductivity profiles from bores in 
Hepburn reserve were measured soon after the bores were drilled.  Profiles of the deepest bores in 
the reserve are presented below (Figure 66).  Differences in profile exist due to the location in the 
reserve, the geology and the depth to water table.  The two bores 20 m apart provide the significant 
individual differences. 
 
An ambient thermal moderation zone exists in the profiles and continues to a depth of 10 – 15 m 
below the water table.  Below this a transition occurs to a relatively smooth gradient of around 1o C 
per 30 m lower in the bores (Figure 66).  Minor variations in the profile reflect the different thermal 
conductance of the strata and permeability inflow variations from the fissures and joints that are 
exposed in the bores.  
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Figure 64. Mineral water spring temperature variation with elevation and distance from 
the Great Dividing Range. 
 
Locarno Spring Data Logger Monitoring 1998 - 1999
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Figure 65. Data logger information for the mean daily observations of flow and 
temperature at the Locarno station on Welshmans Gully 1998 - 1999. 
 
The zone of thermal moderation reflects a combination of factors including the harmonics of 
diurnal and seasonal surface thermal waveforms.  This combined with mixing between the 
ascending waters and the shallow flow system recharge.  The occurrence of faecal of bacterial 
pollution of the spring waters serves to corroborate the existence of this mixing in this zone. 
 
4.1.7.2 Geothermal Gradient 
 
In the late 1800’s and early 1900’s Victoria was host to the worlds deepest bedrock mines.  At 
Bendigo, some typical deep quartz reef gold mines recorded temperatures of 35oC at 1291 m (New 
Chum Railway Mine) and 45.5oC at 1280 (Victorian Quartz Mine) in Ordovician sediments (GSV 
Laboratory Reports, 1906).  The indicated geothermal gradients in the range 1.6o - 2.4oC/100 m, 
assuming an ambient temperature of 14oC (Table 13).  This is less than the world average of around 
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3.0oC/100 m.  It may be possible that prolonged dewatering resulted in the production of cooler 
water temperatures and resulted in the under estimation of the geothermal gradient. 
 
Table 13 Inferred Geothermal Gradients from Deep Gold Mines at Bendigo Central 
Victoria (based on Geological Survey Victoria Chemical Laboratory Reports 
323/1906 and 348/1906). 
 
Mine Subsurface 
oC (Surface  
14oC) 
Depth 
m 
oC/100 
m 
TDS HCO3 Lithology 
New Chum Railway  35 1293 1.6 1229 92 Slate and sandstone 
Victoria Quartz Mine 45.5 1305 2.5 1695 215 Slate and sandstone 
 
Geothermal systems are recognised to have a thermal flux at least 10 times than the average 
(Houghton, 1982).  The mineral springs of the Daylesford Region may be regarded as cold mineral 
waters.  Contemporary and historical mining depicts the low enthalpy of the bedrock system.  
Fossil spring mounds may suggest larger spring flow in the past millennia, but mound tufa 
chemistry is dominated by carbonate and kaolinite clay and not silica as might be the case in 
geothermal fumaroles.  
 
4.1.7.3 Geothermometery 
 
Many empirical methods of estimating a waters formation or chemical equilibrium temperature 
have been based on the solubility of silica as quartz (Fournier and Rowe, 1966) and the relative 
ratios of sodium, potassium and calcium (Fournier and Truesdall, 1973).  These and similar 
empirical methods make assumptions based on constant enthalpy during ascension, ie. no heat loss 
to surrounding rocks, and solution from particular mineral suites.  In most instances, there is a low 
confidence in predicted temperatures.  In particular this is due to silica in groundwater being 
derived from the incongruent solution of silicate minerals and not the congruent solution of quartz.   
 
Temperature Profiles in Hepburn Mineral Spring Reserve Bores, 
June 1976
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Figure 66. Temperature profiles in bores in the Hepburn Reserve (data of Shugg and 
Macumber, 1976). 
 
Bouwer (1978) and the discussions of the rapporteurs (International Association of 
Hydrogeologists, 1979) identify the highly empirical and subjective nature and restricted 
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application of these methods.  Geothermometer computations have been applied to mineral water 
of the Hepburn – Strangways system, the groundwater in the shallow Ordovician bedrock system 
and basalt aquifer and are presented in Figure 67.  Ambient groundwater temperatures fall within 
the range 11o – 22o C.  There is wide disagreement between the results for the Ca – Na – K and 
silica solubility geothermometers suggesting temperature differences of hundreds of degrees.  The 
geothermometery applied to the shallow open basalt aquifer water provides higher equilibrium 
temperatures.  In effect these techniques only to apply to the specific geothermal systems from 
which they were derived (Albu et al. 1997). 
 
4.1.8 Intake and Recharge 
 
In the Central Highlands, recharge into the highland fractured rock system is facilitated by high 
rainfall and is differentiated between slopes at the top of the catchments with deep weathering 
profiles to thinner stony soils on the intermediate to lower slopes.  These soils provide little 
impediment to infiltration (Heislers, 1993) and in the upper slopes provide areas of high potential 
recharge (Figure 68).  Mean annual recharge into the bedrock aquifers was estimated by Dyson 
(1983) to average between 10 – 40 mm/a.  This is the recharge to the shallow phreatic zone of the 
Ordovician bedrock.  A small proportion of this carries through the to the deep perennial flow 
systems associated with the deep fissure systems.  Several authors have estimated recharge to the 
mineral water system: Szabo (1976), Laing 1977 and Shugg and Knight (1994).  Methodologies 
varied from multiplication of estimates of spring eye discharge, bicarbonate concentration methods, 
to proportioning some of the rainfall for either the whole catchment, or a small portion of the 
catchment.  Recharge estimates based on a methodology of identification of flow systems and the 
respective recharge areas for the fissure systems and recharge rates based on spring eye flow are 
presented in detail in Appendix 04.01. 
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Figure 67. Geothermometery variation for the mineral water and groundwater of the 
Daylesford – Hepburn Region of the Upper Loddon valley. 
 
4.1.8.1 Mineral Water Recharge Estimates  
 
Szabo (1976) and later Laing (1977) calculated recharge to the mineral water aquifer based on the 
chloride ion abundance in the mineral water.  A recharge rate of 1 % of the annual rainfall over the 
catchment was assumed from the ratio method.  The reality is that the chloride ratio method does not 
take into account the dynamic mass balance relationships, such as chloride lost through runoff, 
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interflow, conduit streaming and the transient storage in soils, the weathering zone and vegetation.  
As the ratio does not take into account whether part or whole of the catchment provides recharge.  For 
instance the combined maximum discharge rates from the mineral springs in the Hepburn Mineral 
Spring Reserve are around 80 m3/d, and that accounts for only 25% of the catchments recharge to the 
bedrock system calculated by Laing (1977). 
 
4.1.8.2 Potential Yields and Recharge Quality of Groundwater 
 
Estimates of the mineral water resource have in the past been calculated from assumed recharge 
rates over an assumed recharge area for the aquifer.  At the crest of the Dividing Range south of  
Daylesford - Trentham the groundwater recharge rates are comparatively high.  At Lyonville 
(Shugg, 1974) estimated rates of recharge to the basalt aquifer to be greater than 300 mm/a.  
 
The groundwater conditions at the crest of the Great Dividing Range at Lyonville were examined 
by Shugg (1974) to examine the potential for a town water supply.  Recharge to the weathered zone 
of the bedrock and the overlying basalt capping takes place throughout the outcrop of these units.  
The annual rainfall is between 800 - 1200 mm.  The chloride concentration in the rainfall for the 
area is around 0.7 mg/L (Hutton and Leslie, 1958), while its concentration in the springs and bores 
in the shallow groundwater is 4 - 8 mg/L.  This reflects a concentration increase in transit through 
the vadose zone by 5 to 10 times, and implies recharge rates of 100 – 200 mm/a. 
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Figure 68. Identification of recharge areas for perennial mineral water systems. 
 
In the intake areas interconnection the fissure sets that penetrate the deeply weathered bedrock 
facilitates recharge of the deep fissure set.  Both fissure systems coexist in the upper 150 m of the 
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bedrock, but the hydraulic relationship between the fissure sets varies.  The persistence of the major 
fissures enables groundwater to descend in hydraulic isolation until ascent in discharge zones.   
 
4.1.8.3 Hepburn Spring Recharge Area at the Great Dividing Range 
 
Flow systems associated with individual spring systems may be traced back to the recharge area 
along the lines of fissures recognised from the gold mining era (Figure 69).  The Hepburn Spring is 
associated with the Cornish Line and can be traced in mine sections 7 km from Hepburn to New 
Specimen Mine south of Jubilee Lake mineral spring.  The recharge area for the Jubilee Lake – 
Hepburn – Strangways system, identified as N5, is around 4.7 km2 (4700 Ha) in area.  Flow in the 
perennial system is estimated as around 170 ML/a, with the average annual discharge at spring eyes 
being around 24 ML/a, with 22 ML/a being from eyes in the Hepburn Reserve73. 
 
Sai lors Creek
Hepburn Spring Catchment with 
reefs and reef orientation 
corridors identifed
3
Kilometers
1.50
Daylesford
Hepburn
Deep Creek Deep Creek
Lyonville
Cornish Line
William Tell Line
Eganstown Line Shugg 2002
te: The structural corridors of the deep circulation - system have been identified from,  I)t he goldfiled mapping, ii) inference from the position 
the underground mines mapping and surveys of Whitelaw, Baragwanath, Ferguson, Krause, Amos and Kenny.
of shaft in linear patterns along iii) from the mapping of the quartz reefs on the Geological Quarter Sheets  and from 
Ajax Line
A
No
Jubilee Lake
 
 
Figure 69. Fissure alignment parallel drainage and the Hepburn flow system on the 
Cornish Line. 
 
At the crest of the Great Dividing Range recharge through the weathered zone is estimated to be 
between 100 – 300 mm (Shugg 1974), most is dissipated as base flow to freshwater springs, as base 
flow to surface creeks, swamps and streams and some as leakage to the deep perennial flow 
systems.  A recharge rate of 37 mm in the 4.6 km2 recharge area N5 for the Hepburn system will 
provide the through flow accessions.  Process of identification of recharge areas for the mineral 
water system is based on the simple principle that recharge occurs at the higher rainfall areas at the 
Crest of the Great Dividing Range and before the occurrence of the first mineral springs at 2.5 km 
from the divide.  The recharge is also identified by the hydrograph fluctuations (Figure 70) that are 
large in the recharge area (CLPR bores) and much attenuated down the flow system in Wombat 63 
and in the spring reserve Wombat 56.  A water balance study was conducted in the Stewart Creek 
catchment by Mein et al. (1988), but failed to isolate and identify the groundwater recharge 
                                                     
73 Refer to Technical Notes on Hepburn Springs, Locarno 12 ML/a, Hepburn 8 ML/a, base flow 68 ML, total 88 
ML/a. 
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component.  The situation was redressed when new deep monitoring bores were constructed by 
CLPR (pers comm. David Heislers) and plots of hydrographs (Figure 71) indicate potential 
recharge rates and hysteresis delays. 
 
4.1.9 Shallow “Open” Ordovician Bedrock Aquifer 
 
The nomenclature of hummock terrains of the North American Prairies and the difficulty in 
defining the trinity of local – intermediate and regional flow cells proposed by Toth (1962) and 
Meyboom (1962) that are controlled by topographic relief have been disregarded in favour of simple 
dualistic approach.  The application of this subdivision was first proposed by Shugg and Knight 
(1994) and identified the coexistence of a fresh water and a mineral water system in the bedrock 
aquifer.  In many bores non carbonated low alkalinity groundwater was found before the mineral 
waters were intersected.  Twin flow systems exist and correspond with a shallow open groundwater 
system and a closed deep perennial flow system and is best described by a potential energy models 
for the different fissure systems described by Hubbert (1940).  In discharge areas bore hole evidence 
mixing or flushing is evident as described by Appelo (1994) and chemical changes involving 
thermodynamic zoning described by Champ, et al. (1978).  The nomenclature of open and closed 
systems more closely describes the thermodynamic evolution of the high alkalinity groundwater in 
the deep fissures of Central Victoria74. 
 
In Central Victoria the shallow bedrock groundwater system is defined by the zone of dilation of 
the minor rock mass discontinuities that extend to a depth of around 150 m (see Gloe, 1947), it is 
an open and unconfined system.  The shallow groundwater in areas of high rainfall near the Great 
Dividing Range is of good quality with less than 100 mg/L total dissolved salts (TDS).  These 
waters occur near Daylesford, Bullarto, Lyonville, Trentham and Blackwood.  Many kilometres 
down the flow systems towards the Riverine Plains the rainfall is lower and the shallow 
groundwater is brackish to salty with 4000 – 22000 mg/L Total Dissolved Salts.  The higher 
salinity groundwater is characteristically a sodium chloride water.  North of the Great Dividing 
Range dryland salinity may be associated with discharge of saline groundwater from the shallow 
bedrock system in the Ordovician bedrock aquifer. 
 
4.1.10 Deep “Closed” Ordovician Bedrock Aquifer 
 
Deep fissures in the rock mass extend to great depths below the surface.  These are the great fissures of 
Ferguson (1906), waters circulate in these persistent, dilated and strongly developed fissure sets 
associated with the thrust faults.  Close to the surface the profusion of dilated openings in the bedrock 
provides a multitude of avenues for the ascent and escape of closed system waters.  
 
The existence of deep circulation was recognised not only by the chemistry but by the discharge at 
great depths from fissures encountered in the deep gold mines.  At Bendigo in Central Victoria 
discharge from open fissures was noted at depths of more than 1.3 km.  
 
1. The aquifer and flow system is recharged by meteoric sources usually near the crest of the Great 
Dividing Range; 
 
2. Percolation is through thick weathering profiles in conduit fissures; 
 
3. The low chloride concentrations are further evidence of deep closed system.  Suggesting that the 
waters are isolated from isothermal evaporation, concentration and mixing; and, 
 
4. When the effects of ascension zone chemistry are taken into account a concentration gradient is 
recognised with an increase in salinity away from recharge.   
 
74 Ascension processes are discussed in Chapter 6. 
5. The development of a sodium bicarbonate facies can be explained by redox changes, carbonate 
solution, clay mineral reactions and base exchange. 
 
6. Carbonate waters and low pH’s can be explained by closed system reactions involving pressure 
changes, pH moderation and the properties of diprotic acids. 
 
Lower in the catchment mineral ascends through the fissure systems.  Where mineral water emerges 
from these fissures mixing and diffusion may take place.  The groundwater that has rapidly ascended 
from great depths has not equilibrated chemically with the near surface conditions.   
 
The rapid ascent maintains the chemically distinct characteristic for the mineral waters.  Mixing with 
shallow system waters with local recharge may significantly influence the chemistry of the waters.  
Near the surface there is not sufficient permeability contrast with the lower order rock failures and 
fluids may disperse into the other fissure pathways.  The onset of this dispersal process is probably at 
a depth of around 150 m, but may be shallower or deeper depending on local conditions. 
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Figure 70. Hydrograph attenuation in bores from recharge area at the catchment divide 
CLPR 282 to the spring reserve Wombat 56. 
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Figure 71. Comparison between the water level fluctuations in the reserve and upper 
catchment 1978 – 2001 (r2=0.92). 
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4.1.11 Depth of Circulation 
 
Mineral water was observed in most of the mines of the Daylesford Gold-field (Skeats, 1914) and 
was noted at the base of the Ajax, Cornish and many of the other deep gold mines (Whitelaw and 
Baragwanath, 1914 and 1923).  Samples of mineralised groundwater were also collected from reef 
mines at Maldon north of the Loddon River at Newstead (Newbery, 1867).  The mines at Daylesford 
reached depths of more than 450 m. The fault planes remained dilated to great depths and were 
mapped in the mines on the Daylesford Goldfield.  Elsewhere in Central Victoria fissure faults were 
observed to discharge mineralised water in mines at depths of more than 1.3 km.  The deep 
circulation of groundwater takes place mainly in fissures related to the numerous and still tectonically 
active meridional thrust faults and the lesser the oblique faults.  From deep seismic surveys (Grey and 
Willman, 1991) it may be implied that these discontinuities extend to decollement surfaces at around 
5 km.  Deviatoric stress relationships and the bulk modulus of the Ordovician arenaceous 
sedimentary rocks would suggest that plastic failure occurs at around 5-10 km (North, 1985) and this 
would correspond with the expected base of meteoric circulation (Toro, 1990). 
 
Gloe (1947) described the occurrence of groundwater in the pre - Tertiary bedrock and observed that 
these rocks frequently posses local supplies of groundwater and in some of these appreciable 
quantities have been found. 
 
 "The general experience in the reef mines of Victoria is to encounter water within 
150 feet (50 m) of the surface, but after 500 feet (150 m) the mines gradually 
become drier.  This means that the main zone of fracture exists down to 500 feet 
(150 m) beneath the surface.  Water found beneath this level is due to the 
occurrence of major fractures, such as faults, which extend far beneath the surface.  
Unfortunately, water in these mines is almost always of poor quality.  " 
 
In the 300 m deep bedrock bore at Wandin Yallock similar observations were made, based on the 
fracture frequency and bore flow tests (Shugg, 1996).  Below this depth water intersections were 
widely separated and to corresponded with crush or fracture zones.  
 
4.2 Mining Evidence of Continuity of Structure and Flow Systems 
 
4.2.1 Mineral Water in Mines 
 
Mineral water was encountered in the deep mine workings.  Whitelaw and Baragwanath (1923) 
recorded its occurrence in all of the mines, for instance at 250 m in the North Cornish mine, and below 
40 m in the Ajax Consolidated.  Skeats (1914), noted in the Frenchmans Reef Mine that spurts of dry 
gas, sufficient in amount to put out a candle were met in cutting dark carbonaceous shales in the 
mine.  Mineral water was encountered in other mines o the district at Newstead, Yandoit, Maldon and 
Taradale. 
 
4.2.2 Mining Impacts and Mine Dewatering  
 
The mines in the Hepburn spring catchment were not the deepest on the Daylesford Gold-field, 
though some continued to be worked as late as the 1920's.  Two mines that strongly influenced the 
flow of the springs were the Frenchmans Reef Mine and the North Frenchmans Reef Mine, these 
were 174 and 64 m deep respectively.  To the west of Daylesford mines on the Ajax line of reefs 
mines reached depths of 450 m and did not close till the 1940’s. 
 
A number of the Daylesford Gold-field quartz reef mines (Figure 72) have either influenced or 
stopped the flow of the mineral springs (Appendix 04.07) in the Hepburn Mineral Spring Reserve; 
some of these are listed in the Table 14, below.  
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North Frenchmans and Frenchmans Reef mines were associated with the dewatering of the springs 
and altering the distribution of mineral water discharge in the reserve.  This is attributed to the 
disturbance of mineral water flow in fissures encountered in underground mine workings. 
 
Table 14. The relative locations of the mines that influenced the flow of the Hepburn 
Mineral Spring between 1870 and 1914. 
 
Mine Surface Structure Location distance m 
White Hills White Hills – Frenchmans Reef south 320 
North Frenchmans Milkmans Reef south east 500 
Swiss Mount Doctors Reef south west 550 
Frenchmans Frenchmans & Hepburn Anticline south 1160 
Victory Tunnel New Spring & Victory Anticlines south 1400 
Mauritius Mauritius Reef south 1660 
Dunstan's Tunnel Hepburn Reef – Frenchmans Reef south 1900 
Daylesford Freehold St Georges Reef south 2300 
 
The most significant period of dewatering of the Hepburn Mineral Springs occurred between 1910 
–1914. 
 
Due to the paucity of data some uncertainty must remain about the characteristics of the 
underground waters during the mine dewatering operations.  The hydraulic stress placed on the 
system during the mine dewatering activities of 1910 resulted in the gradual loss of the gas and 
then the waters from the spring outlets in the reserve.  The two phases of the disappearance of the 
mineral water were suggested in the accounts of the impact of the mine dewatering and may be 
interpreted as the:  
 
• rapid degassing of the underground waters due to the massive reduction in 
potentiometric pressure, therefore absolute hydrostatic pressures; 
• reduction of flow entering the reserve form the south via the fissure conduits intersected 
in the mines; 
• induction of the shallow ambient "fresh" groundwaters into the cone of depression. 
 
Similarly, the mineral water pumped from the mines changed in character, gradually becoming 
"fresher".  The rapidity of transport of water in the fissure systems encountered in the mine 
workings was aptly demonstrated by the artificial recharge of the system by diversion of water 
from the Kidds Gully water race into North Frenchmans Mine.  Skeats (1914) drew attention to the 
lack of impact of the deep underground mining of the Ajax workings on Sutton, Central and 
Tipperary Mineral Springs which all lay on the southerly extension of the Ajax line of reefs.  The 
Ajax workings were not at their maximum depth in 1910.  The hydrologic relationship of the mines 
and the springs were different for Hepburn Springs and the Sutton - Hard Hills springs. In the 
Hepburn catchment the mines lay between the springs and the recharge areas while Sutton - Hard 
Hills springs lay between the recharge areas and the mines.  Around this time the Central Springs 
management committee considered that the southern most Ajax mine; Christensen’s was influencing 
the flow of the springs in the Central Spring Reserve. 
 
4.2.3 Hepburn Spring Dewatering Events Commencing in 1910 
 
The flow of the mineral springs in the Hepburn Mineral Spring Reserve have been influenced or 
stopped by mine dewatering prior to 191075.  However, the event commencing in 1910 was the most 
severe and long lasting event.  Reef mines south of the reserve that developed quartz reefs and strata 
on the same structure as the spring, the "Hepburn Spring Anticline" i.e. Frenchmans Reef identified 
                                                     
75 Details of the dewatering are documented in the accompanying Technical Notes on Hepburn Spring. 
on Figure 72 contributed to the stopping of the springs.  Significantly, considerable discussion arose 
regarding the route of mineral water movement in the fissures systems encountered in the mines.  The 
State Parliament enforced the closure of North Frenchmans Mine and paid the company 
compensation to close.   
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Figure 72. Positions of mines in the Lower Hepburn Mineral Spring catchment that 
influenced spring flow (locations GSV, Whitelaw 1922 and Canavan 1989). 
 
4.2.4 Mine Dewatering  
 
4.2.4.1 Frenchmans Reef Mine 
 
Mineral water occurred in Frenchmans Reef Mine which was located on the Hepburn Springs 
Anticline about 1160 m south of the mineral spring (Figure 72).  In 1910, the mine reached a depth 
of 137 m.  This was 76 m below the elevation of the Hepburn Mineral Spring (Figure 73).  
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Frenchmans Reef Mine (1906-1916) achieved notoriety for its contribution to stopping the flow of 
the mineral springs.  Dewatering operations reached their lowest levels during the period 1910 - 1914.  
 
Frenchmans Reef could be traced discontinuously to Cornish Hill south of Daylesford, where it was 
judged to be either the Crown or Cornish Lode (Whitelaw and Baragwanath, 1914). In Frenchmans 
Reef Mine the reef dipped at between 58o and 68o to the west and most of the gold mineralisation was 
found where the reef intersected the "60 foot slates". 
 
Quite conclusively mining operations introduced additional pathways for the movement of mineral 
water.  Drives to Frenchmans Reef west of the Frenchmans Reef shaft provided an avenue for the 
rapid eastward movement of mineral water across the eastern flank of the Hepburn Spring Anticline.  
Viewed alone the Frenchmans Reef mine workings influence on the underground flow of water may 
not appear significant.  However, as adequately expressed in the memoranda and reports of the Mines 
Department (see Laing et al., 1997) and refer to the Technical Notes on Hepburn Mineral Spring the 
workings of one mine should not be viewed in isolation. 
 
To the south of Frenchmans Reef mine were the Victory Tunnel, Mauritius Reef, Dunstan's Tunnel 
and Daylesford Freehold mine that were linked in a labyrinth of underground workings.  These 
consist of tunnels, adits, winzes, stopes and shafts.  When combined with the natural fissures in the 
rock mass they provided additional longitudinal, lateral and vertical pathways for the movement of 
mineral water.   
 
Reef mining activities provide information on the volume of mineral water resource and the rate of 
replenishment after dewatering.  The Reef Mine dewatering activities were carried out using mine 
skips in the mine shafts and Cornish beam pumps.  The skips had a capacity of 0.3 - 1.1 m3 capacity.  
At Daylesford mine dewatering to depths of 300 m was achieved using water pumps with 440 m3/d (5 
L/s) capacity and buckets and tanks were also used to handle the water problem.  In some mines 
water was described as difficult to get rid of and dewatering was long and difficult (Baragwanath and 
Whitelaw, 1923).  In some of the 300 - 400 m deep quartz reef mines in nearby Ballarat Gold-field 
depending upon depth would extract between 1 - 5 ML per day to maintain dry working conditions. 
 
Mine dewatering in the Daylesford district produced some noted effects upon the discharge and 
chemistry of the mineral springs.  The drying up of Main or Pavilion and Locarno Spring at Hepburn 
in 1870 and again between 1911 and 1913 was directly attributed to the mine dewatering to the south 
in the Daylesford area.   
 
Skeats (1914) investigated the cause and identified the Frenchman Mine which lay 1.3 km to the 
south of the springs, but on structure as the cause. The mine workings were at a depth of around 130 
m below the surface.  
 
In the Ballarat and Daylesford mines dewatering activities were carried out using skips and Cornish 
beam pumps.  The skips had a capacity of 0.3 - 1.1 m3.  Mines depending upon depth would extract 
between 1 - 5 ML per day to maintain dry working conditions (Table 15).  At Costerfield near 
Heathcote in Central Victoria gold and antimony mine dewatering activities carried out in the late 
1980's.  A mine discharge rate of 0.2 ML/d was found to be necessary to keep the mine workings dry 
to a depth of 65 m (O'Shea, 1989). 
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Figure 73. Depth of mines south of Hepburn Spring (1910) showing the depressed 
elevation of the water table. 
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Figure 74. Daylesford Gold-field Dimensions of the Dewatering Cones. 
 
On the Blackwood Trentham Gold-field several great fissure lines infilled with quartz represent the 
lines of auriferous quartz load.  The lines of lode were traceable over several kilometres along strike 
and mined to depths of more than 200 m (Ferguson, 1906).  Mines were clustered over distances of 
less than 1 km.  When the larger mines stopped operation the smaller mines became flooded and were 
abandoned because the water flow was to strong for their pumping appliances. 
 
4.2.5 Continuity of Structural Setting from Mining 
 
The major quartz reefs of the Daylesford Gold-field (Figure 75) are associated with the large thrust 
faults in the rock mass, some reefs were before mining activities persistent in outcrop along strike 
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for more than two kilometres. The dominant suite of fissures are those associated with the principal 
west dipping thrust faults.  These are usually nearly concordant and have a bearing of between 
340o-350o, close to the bearing of the anticlines and the strike of the enclosing strata.  A second set 
known on the gold-field as cross courses or counter lodes bear 310o – 320o.  Some of the faults 
coalesce and separate along strike and down the dip plane.   
 
Table 15. Rates of Dewatering utilised in the Daylesford Mines (Krause 1878, Whitelaw 
and Baragwanath 1914, 1923).  
 
Mine Depth @ 
reading 
m 
Pump type Tank 
Capacity 
m3 
Making 
rate 
m3/d 
Comments 
Ashley Co. Deep 
Lead 
30   153 See Mather (1939) 
Nuggety Trafalgar 212 Pumping tanks 12 & 22 436 Nuggety Ajax, Welcome 
Nuggety Ajax 442 Tanks Mc Millan’s 7.6 & 16 273 Little Ajax and Nuggety 
Reefs 
Rising Star Mine 160, Init 
SWL 21  
Five months to 
dewater to Steady 
State, Cornish 
pumps and tanks on 
cage 
 650 
 
2840 
South of Daylesford not far 
from the New Specimen 
Mine 
Victoria Cornish 305    1-2 years to dewater, no 
dividends 
 
The fissure systems of the Cornish Line were traceable in mines for over 7 kilometres.  The 
Hepburn Spring Anticline was considered by Whitelaw and Baragwanath (1914) to be the northern 
continuation of the Cornish Anticline.  This structure could be traced almost continuously southward 
from Hepburn under the Daylesford township and beyond Cornish Hill, past Jubilee Lake and to the 
New Specimen Hill mine near Sailors Falls south of Daylesford. 
 
The structure of the Ordovician bedrock of the Hepburn Mineral Spring Reserve and that 
encountered in the underground mines south of the reserve were mapped in detail by the gold-field 
geologists of the Geological Survey.  Contributions were made by: Taylor 1893, Ferguson 1905, 
Baragwanath 1904 - 1953, Whitelaw 1912 and Whitelaw and Baragwanath 1923.  The structure as 
it related to the flow of the springs in the reserve was examined in the unpublished report by Dunn 
et al (1912) and the accompanying maps and cross sections; Baragwanath (1911, 1239/M/2. Plan No 
1239) and Whitelaw (1912, 1239/M/1. Plan No 1239) from these notes a west – east section through 
the reserve has been prepared that shows the projected position of the two main fissures that cut 
through the reserve.  
 
4.2.6 Simulations of Pumping from Distant Mines 
 
Several analytical simulations of single mine dewatering have been made based on non steady state 
flow analysis, using a transmissivity of 10 m2/d, a storativity of 0.0025 and an anisotropy range of 
1 – 30.  It is recognised that on the Daylesford Gold-field dewatering was the accumulative effect 
of several mines along the lines of workings, and over a period of many years.  Aquifer values used 
in the simulations are based on the pumping tests in the mineral spring reserves.  Based on research 
into mining records and literature dewatering rates as low as 0.5 ML/d have been used, although 
some deep wetter mines on the Daylesford and Ballarat Gold-fields pumped at rates of 3 – 5 ML/d.  
Initial dewatering was carried out at a higher rate.   
 
Simulations are based at one year pumping, and do not include consideration of boundary 
conditions such as recharge or leakage.  Various anisotropy cases are used and recognise the 
strongly linear nature of the structural features of the Gold-field.  A case with an extraction rate of 
3 ML/d illustrates that dewatering sufficient to for a mine 450 m deep mine.  The simulations assist 
in illustrating impacts on the flow in the Hepburn Reserve from mine dewatering operations. 
 
 
Figure 75.  Portion of the Daylesford Gold-field Map (Whitelaw and Baragwanath, 1923) 
showing mine positions and structures mapped in the vicinity of Hepburn 
Spring (scale bar 10 chains – 201 m). 
 
Drawdown values of 0.2 and 10 m are identified as markers to suggesting impact and stopping of 
flow of mineral water in the reserve.  In effect the simulations are consistent with observations that 
mines at distances of 2.3 km affected the flow of the springs and mines closer than 1500 m caused 
spring flow to cease, if the mines are dewatered to depths of 100 m.  As mines on the Daylesford 
Gold-field may require dewatering to depths of 450 m then impacts are readily predictable (Figure 
76) and verified or calibrated from empirical evidence. 
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Figure 76. Drawdown surface predicted from an anisotropy factor 2, (Q = 5.79 L/s, 0.5 
ML/d, 183 ML/a to dewater to 450 m). 
 
In, conclusion based on the aquifer properties, anisotropy and an extraction rate of 0.5 ML/d spring 
flow would be influenced especially in the bedrock permeability corridors to distances of at least 2 
km.  Significantly, dewatering operations to depths of 450 m at this distance would produce 
sufficient drawdown in the Reserve enough to stop mineral water flow.  This is consistent with the 
observations made during mine dewatering events. 
 
4.3 Flow System - Hydrodynamics 
 
In Central Victoria recharge of the Ordovician bedrock aquifers at the top of the catchment (Zone III, 
Figure 77) can be achieved by direct infiltration and movement of water through the unsaturated zone 
to the fracture systems in the rock mass.  Recharge can also be achieved by leakage from overlying 
basaltic or deep lead aquifers and through the weathering profile.  In the Bendigo region the highest 
rates of infiltration have been recorded under rocky outcrops of fractured sandstone beds, up to 2 m per 
day (Jenkins and Dyson, 1983).  This figure falls of quite rapidly when the lower slopes of the terrain 
are reached (Zone II, Figure 77).  The soils of the lower slopes have well developed clayey "B" 
horizons infiltration rates may be as small as 2 - 3 mm per day. 
 
The upper mantle of weathered Ordovician bedrock attains a thickness of 20 - 100 m and is comprised 
of porous and deeply kaolinised rock material.  This material enables substantial interflow and storage 
for the slow release of water to the fracture systems (Shugg, 1997). 
 
4.3.1 Groundwater Flow and Circulation 
 
The most appropriate model to describe groundwater flow in the fractured rock aquifer of the region 
is one in which both a deep and shallow groundwater circulation pattern is recognised.  The shallow 
system is pervasive in the upper 150 metres of the bedrock, a zone in which the minor failures in the 
rock mass are in a dilated form, this is consistent with the observations of Gloe (1943) and the 
experience of the deep gold-fields (Ferguson, 1906). 
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Figure 77. A schematic longitudinal section through a mineral spring catchment 
illustrating the groundwater flow relationships from recharge to discharge. 
 
4.3.1.1 Watertable - Potentiometric Surface Configuration 
 
The detailed drilling in the vicinity of the mineral springs has illuminated the shape and flexibility of 
the water table.  Dip of the water table is normal and towards the streams, with horizontal hydraulic 
gradients of around 0.02 recorded at the Locarno - Hepburn spring (Figure 57).  The down valley 
component of the hydraulic gradient reflects more closely the gradients of the surface streams of 0.01 
- 0.02.  The watertable configuration on the basis of these figures is a very subdued reflection of the 
surface terrain with an apparent hinge line at the loci of the perennial drainage channel.  If aquifer 
anisotropy is taken into account the groundwater watertable inflexions or troughs may correspond to 
high transmissivity zones, and the meridional permeability corridors. 
 
4.3.2 Development of Spring Eyes - Doming 
 
A mineral spring "eye" refers to the concentrated discharge of mineral water from a fracture or fissure 
in the rock mass.  At many sites the discharge is from well defined fault planes at other sites the 
mineral water discharge is from joints and bedding planes and elsewhere the seepage may be diffuse.   
 
In the discharge zone the thrust faults convey the ascending mineralised water.  Mixing or diffusion 
into a minor fissure set weakens the character of the ascending mineral water, however mixing with 
shallow waters often occurs.  Good examples of mixing were encountered in bores drilled in Hepburn 
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Mineral Spring Reserve, Lithia Spring Reserve76 and more recently at Leggatt’s Spring (SKM, 2004).  
Positive bacterial readings (Bannister, 1992 and Central Highlands Water) in the monitoring of spring 
discharges illustrates the dynamic realities of this mixing process (Shugg, 2000).   
 
Once spring discharges were accompanied by spring mounds built up by the accumulation of calc-
tufa77 over the millennia and were noted by Newbery (1867), and by Ferguson and Mahoney in the 
1900’s (see Laing et al. 1997)78.  However, few springs remain in their natural state as the excavation 
into MS 67 at Spargo Creek illustrates (Figure 93).  It has been common practice in the Daylesford 
region to cap an area around the spring "eye" with cement to further confine and develop its discharge.  
This is called doming.  Many of the mineral springs have been domed and had pipes driven into the 
centre of the dome.  Some pipes from domed springs discharge to the nearby stream while others are 
located in the base of trenches (Figure 88).  In areas of diffuse discharge, shallow bore holes equipped 
with hand pumps have been used to develop the mineral water. 
 
4.3.2.1 Hepburn Spring Eye 
 
Hepburn spring, has also known as the: Bottling Cellar, Main and Rotunda Spring.  By the 1860's 
the eye of the spring was dug out removing 2 – 3 m of gravel and then a circular stone and 
brickwork form built (Figure 78).  Later a cellar was constructed with a concrete base and a bore 
was also added.  When a pavilion was built over the spring it became known as "Pavilion Spring" 
or "Rotunda Spring".  A license for extraction commercial commenced in 1867, bottling in the 
reserve possibly commenced circa 1870, and a bath house was erected in 1890 and also developed 
water from the cellar on this spring (Figure 79) until 1986 when the bottling plant was removed.  
Pipelines were built connecting MS 27 (Pavilion) with discharge from the domed eye of MS 28, 
Wyuna Spring (Dunn et al. 1912 and Skeats 1914).  From 1914 onwards Pavilion Spring flow has 
been changed (Technical Notes on Hepburn Mineral Spring).   
 
The combined flow of the spring eyes in Hepburn Mineral Spring Reserve was reported to be 90 
m3/d (1.05 L/s, or 33 ML/a) in the publication "Delightful Daylesford" circa 1927.  The present 
estimate of discharge from the springs eye in the reserve is 60 ± 25 m3/d (0.7 ± 0.3 L/s, or 22 ± 9 
ML/a, see Shugg, 1999).  Hydrological monitoring in the reserve indicates that considerably more 
mineral water is discharged from the reserve, but as base flow and largely derived from diffuse 
seepage to the creek bed during the spring and winter months.  
 
4.3.2.2 Locarno Eye 
 
The eye of Locarno Spring is situated on the eastern side of the Hepburn Anticline almost the same 
distance that the Pavilion spring is to the west. It is associated with fissures cutting across 
competent and jointed sandstone strata on the east limb of the Hepburn Spring Anticline.  Early 
accounts and maps of the reserve did not include Locarno Spring, the "lower new eye in the creek" 
Skeats (1914).  In July 1976 after a seven day pumping both Locarno Spring and Hepburn Springs 
ceased flowing, Locarno Spring had dried up within 10 minutes of commencement of pumping.  The 
spring took 21 days to return to normal flow.  The recovery of carbonation levels lagged the flow by 
several days. 
 
 
 
76  Refer to the Technical Notes on these springs and the Appendix in Laing, 1977.  
77  Some of the mounds are described in the Technical Notes on Limestone (Gilmore), Hepburn, Spargo Creek, 
Glenlyon, Clarendon, Glen Luce and Lyonville mineral springs. 
78 Refer to the Technical Notes on Limestone Creek, Lyonville, and Spargo Creek Mineral Springs. 
 
 
Figure 78. Hepburn Pavilion Spring floor plan circa 1991. 
 
 
 
Figure 79. The bottling cellar and floor of Hepburn - Pavilion Spring in 1991 in 
preparation for restoration works. 
 
 
Figure 80. Jointed sandstone and quartz reef stringers at the Locarno Spring eye 
Welshmans Gully Hepburn (2001). 
 
118 
 
4.3.2.3 Lithia Eye 
 
Hydrogeological assessment of the mineral water occurrence in Lithia Spring Reserve was carried 
out by Szabo (1975, 1976), by Laing (1977) and reviewed in the Technical Notes Series79.  Flow 
from the eye is piped a short way down the reserve and then discharges into the base of the 
ephemeral streambed.  A consequence is zoned the calc-tufa deposits and reflux to the unconfined 
portion of the bedrock aquifer.  The reflux results in the development of a saline plume in the 
shallow open groundwater system down gradient of the discharge pipe. 
 
 
 
Figure 81. Bore locations and geological structure at the Lithia Spring (modified and 
updated from Baragwanath 1906, Szabo 1975 and Laing 1977). 
 
                                                     
79  Refer to the accompanying Technical Notes on Lithia Mineral Spring. 
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4.3.2.4 Liberty Mineral Spring Eye 
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The Liberty spring eye is a good example of the emergence from the plane of a thrust fault (Figure 
82).  Mineral water emerges from Liberty Reef.  A tunnel was driven following the fault into the 
strata on the northern side of Spring Creek.  The opening of the drive is situated about 2 - 3 m above 
the creek bank and the fault forms the hanging wall.  At the entrance to the Liberty Reef the mine 
follows steeply dipping fault (Figure 83).  The fault plane is well exposed in the mine workings and 
forms the hanging wall at the entrance of the drive.  The fault plane is marked by strongly ribbed 
slicken sides.  Carbonate concretions80 have been mapped in the sandstones outcropping in the wall 
of Spring Creek just down stream from Liberty spring.  They are up to 40 cm in diameter and occur 
in sericitic sandstone
 
Tunnel
Dyke
Hepburn
1 0 1
Reef positions after Taylor 1893 Daylesford Quarter Sheet, modified by A Shugg
Tunnel
 
 
Figure 82. The location of Liberty and Golden springs showing alignment with fissures 
mapped by Taylor (1893). 
 
4.3.2.5 Sutton Spring Eye 
 
The spring is located in Wombat Creek below the alluvium on the valley floor and was uncovered by 
gold prospectors.  The spring eye and mineral water discharge at Sutton Spring illustrates the near 
surface escape of mineral water through orthogonal joints and bedding planes associated with 
sandstone strata.  The discharge area occurs in a stretch of creek bed 20 m either side of an anticlinal 
axis.  The Ordovician sandstone and shale strata that strike 355o and dip 78o W (Figure 84) and have 
a pitch of 5o S (Baragwanath, 1906).  An anticline passes about 20 m to the east of the spring eye 
(Figure 85) and mineral water discharges from strongly jointed sandstone beds either side of the axis.  
                                                     
80  Mr. Simon Maher of the Geological Survey reported the concretions in the sandstones, between the creek 
and the water race - walking track on the north side of the valley.  I have noted similar concretions are 
noted near Sutton, Pavilion and Wyuna springs and cores samples are available from the bore Glenlyon 
4. 
The anticlinal structure was used to target sites for the drilling that was conducted in 1929 
(Baragwanath, 1927).   
 
Around 1900, the Ordovician strata near the spring was cleared of litter, waste material, alluvium and 
the mining debris.  Then the surface of the bedrock was concreted over to form a dome.  The mineral 
water was then channelled through a tin lined lead pipe (Skeats, 1914) to the sump of the trench built 
some distance down stream from the spring eye. 
 
Landscaping of the northern approach to the spring in July 1991 provided a clear exposure of the 
anticline immediately to the east of the spring eye (Figure 85).  In 2000, the creek was cleared of 
detritus  and a larger cement dome put in place (SKM, 2000).  Later in November 2002, the trench 
spring eye was again exhumed as leakage to the eye had continued with intermittent bacterial 
contamination of the spring water (SKM, 2002).  A more extensive cement blanket of 13 m3 in 
volume covering the base of the creek bed from bank to bank was installed (Figure 88).  The 
strongly jointed sandstone ribs that most of the mineral water escapes from were cleaned (Figure 
89) and then covered by the cement blanket.  Older generations of doming (Figure 88) that only 
partially covered the creek base were covered in the new cement envelope (Figure 89). 
 
 
 
Figure 83. The entrance to the Liberty workings in the foot wall of Liberty Reef a west 
dipping thrust fault (A Shugg, September 1999). 
 
As a result of the new dome the captured mineral water flow has improved, but the spring remains 
susceptible to lateral and stream water leakage (SKM, 2000 and 2002) which may result in bacterial 
contamination.  
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The hydraulic relationships at the spring that have led to the ingress of the creek water to the spring 
pipe are depicted in Figure 86 and with the sealing suggest that the fissures should be isolated from 
the creek bed leakage. 
 
It is evident that several of the Mines Department bores drilled in 1929 at Sutton Spring were located 
along the axis of this anticline and others were aligned with mineral water and gas escape from the 
strata in the bed of the creek (Figure 85).  Two bores that remain in use on the north bank have hand 
pumps and they were cleaned out in 1991.   
 
At the anticline on the northern side of Wombat Creek the strata strikes 340o and dips asymmetrically 
at 45o W and 65o E.  On the western side of the axial plane of the anticline a small (20 cm wide) 
deeply weathered and nearly concordant dyke strikes 340o and dips 60o W.  Another small mineral 
water seepage discharge occurs about 60 north of Sutton Spring along the gully that leads northwards 
towards Table Hill.   
 
 
Figure 84. Location of Sutton Spring in Central Springs Reserve 
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 Figure 85. Sutton Spring trench and developed mineral water eye in Wombat Creek, 
showing the position of the anticline and repetition of strata in the creek. 
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Figure 86. Schematic representation of the hydrodynamics of egress of the mineral water 
in the base of the stream bed. 
 
  
 
 
 
Figure 87. Sutton Spring showing the trench circa 1906, drilling in 1929 and a concrete 
collection dome and dipping site in 1999 (State Library Collection & Shugg 
photo). 
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Figure 88. Working in Wombat Creek exhuming Sutton Spring and exposing generations 
of old concrete domes in preparation for sealing with a new concrete blanket 
(November 2002). 
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Figure 89. Strongly jointed sandstone and carbonate tufa impregnated fissile weathered 
blue - grey shale at the old spring eye (2), washing the surface before 
installation of (3) the new 13 m3 concrete seal on the creek bed at Sutton 
Spring (November 2002).  
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4.3.2.6 Tipperary Eye  
 
Tipperary spring is another example of a spring that issues from a fissure fault.  In addition a bore 
drilled in 2001 targeted and successfully intersected the fault.  At the surface Tipperary spring 
issues from a dilated fault plane that cuts through arkosic sandstones and blue grey slates at the 
crest of an anticline.  In 1912, the outlet of the spring (Figure 90) was sketched by the Borough 
Engineer Mr. Horsfall (Laing, et al. 1997).  In 2001, a new bore was drilled on the inside of the 
meander of Tipperary Point (SKM, 2001).  The bore was targeted to intersect the down dip 
continuation of the fault (Figure 90).  During drilling the Eh – pH, and EC were monitored to 
enable detection of the mineral water.  This verified the stratification and mixing of waters in the 
shallow strata.  Gas sparging was also evident when drilling with the compressed air.  Several 
intersections of fresh water were made in the upper portion of the bore, before a significant flow of 
carbonated mineral water was intersected with the fault at 45 m.   
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Figure 90. Schematic sketch of the geology at Tipperary Spring depicting the intersection 
of the fault in the new bore. 
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4.3.3 Spring Mounds and Calc-Tufa Deposits 
 
At many spring sites the egress zone is or was marked by small calc-tufa mounds81.  These include 
active and fossil mounds and notable locations are presented on Figure 91.  Abandoned mounds may 
suggest changes in the hydrology of the springs, clogging of the strata and the relocation of discharge 
points.  Early Agriculture saw the mounds as a valuable source of lime.  The aspect of mound 
development has been a facet of the mineral springs that has largely been ignored since the early 
observations of Newbery (1867), Dunn (1912), Ferguson (1909) and the mapping of Foster (1920 - 
1930).  The mining or disturbance of the mounds combined with the vegetative coverage may be 
reasons for neglecting the significance of these features.  Chemical and isotope studies of the tufa 
accumulations at the mounds have the potential to yield information on rates of accumulation, 
temperatures of deposition and possibly give an insight into past climatic regimes of the Central 
Highlands over the past 2 – 4 millennia. 
 
Limekilns were established on Gilmores the Limestone Creek spring mound and were recorded on the 
Geological Quarter Sheet:  
 
“about 70 m around the spring there was about 3 m of travertine consisting of 
fragments of slate, sandstone and quartz in a calcareous matrix with some iron 
oxide.", Ulrich (1864).   
 
Newbery (1867) also drew attention to the spring and noted the carbonate mound deposited from the 
alkaline earths, and it was similar to other spring mounds near Ballan.  At Spargo Creek near Ballan 
the travertine deposits formed a “limestone” mound that was composed of (Ca Mg Fe) CO3, CaSO4, 
2Fe203.3H20 and Al2 O3 SiO2, a mixture of dolomitic ferro - carbonate, gypsum, limonite and 
kaolinite (Foster, 1920).  At Lyonville on the Upper Loddon spring mounds were small but abundant 
and some were mapped by Foster (1927).  Ferguson (1910) and Dunn (1911) noted that the springs 
issued from eyes once cloaked with travertine.  Ferguson (1906) also referred to iron ore deposit at 
the bedrock – basalt contact and it is possible that was also a spring mound.  At many springs the 
cleats in the superficial clay or cleavage planes in fissile shales are impregnated with flaky calcite. 
 
Discharge of mineral water is usually accompanied by the precipitation of copious quantities of 
carbonate and iron oxide.  The spring mound tufa and sinter varies from porous red ferruginous earthy 
material with relic vegetation structures to hard white slabs of calcrete.  At Lithia spring zoning of the 
precipitates is developed away from the emergent point, flow stone and stalactites are formed at a 
cataract in the bed of the creek.  At Limestone Creek the mound material is firm compact clayey and 
calcareous, while at Spargo Creek it is hard porous and earthy (Figure 93).  At Clarendon spring 
(Figure 92) the mound is zoned with ferruginous material close to the source and porous earthy and 
hard calcrete plates further away and blanketing the banks of the gully.  At Sutton and Wagga Springs 
the cleavage planes and fractures in soft weathered grey shales at the springs outlets are impregnated 
with calcareous sinter. 
 
At some springs such as like Pavilion Spring at Hepburn the only evidence of discharge zone 
precipitation is the ferruginised porous sandstone that mimics a gossan immediately to the west of the 
Pavilion pit.  Many surface discharges have an associated ferruginous floc these are often flushed away 
by flood waters.  
 
An important aspect for the preservation of spring mounds is their elevation above the adjacent 
drainage course.  At Limestone Creek the mound is 1 – 2 m higher, Spargo Creek 2 – 3 m, Carrols - 
Hell Hole Gully 5 – 10 m and at Clarendon 5 – 10 m.   
 
81 Refer to accompanying Technical Notes on Clarendon, Carrolls – Hell Hole Gully, Glen Luce, Limestone Creek, 
Lithia, Lyonville, Coimadai and Spargo Creek mineral springs. 
∅∅
∅
∅ ∅
∅
∅
∅
∅
∅
∅
∅∅
∅
∅∅
∅ ∅
∅
∅
∅
∅
∅
∅
∅
∅∅
?
?
?
?
?
?
0 5
Kilometers
10
Spargo Creek
Lyonville Picnic
Glen Luce
Loddon Forest
Lithia
Limestone Creek
Newstead
Mineral Spring
Bore with  > 800 mg/L HCO3
Spring - Tufa Deposits?
Daylesford
Kyneton
 
Figure 91. Significant tufa mounds at mineral springs in Central Victoria. 
 
 
Figure 92. Clarendon spring mound is active and chemically zoned (Mr Ford, Brian 
Foley and Trevor Ingram, 2001). 
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 Figure 93. Excavation trench in the Spargo Creek calc-tufa spring mound (MS 67). 
 
4.3.4 Dryland Catchment Processes 
 
In the low ranges of Central Victorian highlands there is an increasing expectation for the occurrence 
of "dryland salinity".  It is attributed to the impact of land clearing and the establishment of shallow 
routed pasture in lieu of forest, rather than to changes in climate.  Increased salinity of the groundwater 
or discharge zone degradation reflects the consequential adjustment of the land system. 
Evapotranspiration losses in the discharge zone will produce salt scalding and salinisation.  The 
processes have been investigated in this region by Jenkins (1981), Dyson (1983) and Jenkins and 
Dyson (1983).  Remediation usually consists of re-establishment of the forest or tree cover in the 
upland areas, especially in high recharge areas such as the rocky outcrops.  Examples of dryland 
salinity in the Loddon Valley exist near Glen Luce, Newstead, Vaughan and Yandoit.  As dryland 
salinity exists in the spring catchments it can only be speculated whether activities in the recharge 
area or changes in mineral water use might influence the degradation of the landscape lower in the 
Loddon River system.  Studies of the effect of forest management have been conducted in the 
headwaters in Stewart Creek catchment (Mein et al., 1988), but were not designed to examine deep 
groundwater accession and flow.  
 
4.3.5 Groundwater Level Fluctuations 
 
The fluctuations in the level of the water table in the mineral springs area relates to minor barometric 
response and to a moderated response to the seasonality of rainfall.  Barometric response was 
discussed by the Hepburn Reserve caretaker (Skeats 1914), and in monitoring by Szabo (1976) and 
Laing (1977).  The barometric efficiency of the shallow bedrock aquifer is around 60% based on 
the Geological Survey studies and 40 – 70 % based on recent studies conducted by Golder 
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Associates near Lithia Springs (per comm Irena Hrusic, 2004). Seasonal fluctuations are observed 
and correlate with rainfall. 
 
4.3.5.1 Seasonal 
 
The magnitude of the seasonal groundwater hydrograph fluctuations varies over the catchment.  
Bores located in the spring reserves where waterlevels are moderated by the stream hingeline and 
spring discharge have a seasonal oscillation of 0.6 - 0.75 m. Although one bore Wombat 40 has only 
a small hydrograph fluctuation of 0.2 m.  Wombat 69 located at Comoora in the middle to upper 
catchment has a oscillation of 3.5 m, while the fluctuations in the headwaters in Stewart Creek 
Catchment is 5 – 6 m.  The hydrograph oscillation is dampened as the water travels through the 
system.  The hydrographs for the monitoring bores are included in Appendix 04.05. 
 
The peaks and troughs of the groundwater hydrographs follow the recharge events, and lag the 
rainfall events.  The main months of rainfall are April to October with June the wettest month.  The 
groundwater hydrographs exhibit a hysteresis lag behind the rainfall events, peaking between August 
and October, with the accession curve normally peaking in September, two to three months after the 
main intensity of the rainfall events.  The hydrographs fall between January and April with March 
being the most common month for the levelling out of the recession curve. 
 
4.3.6 Water Level Spring Flow Relationships 
 
A direct relationship exists between the flow of the mineral springs and the water levels recorded in 
the mineral spring reserves.  This data enables the prediction of interference drawdown effects on 
spring flow and public amenity. 
 
4.3.6.1 Lithia Spring Water Level Harmonics 
 
Groundwater level monitoring and flow readings from the spring were initiated in 1998-1999 and 
have linear relationship between the groundwater level and the spring flow.  A representative 
hydrograph from a bore close to spring eye (Franklin 18) is included to illustrate the magnitude of 
the seasonal water level fluctuations accompanying seasonal fluctuations (Figure 94).  
Groundwater fluctuations usually oscillate over a range of 0.4 – 0.6 m.  However, in wet years the 
amplitude of fluctuation can be 1.1 m and in drought years 1.2 m (1983).  Flow of the spring 
strongly correlates with the groundwater levels.  A drop in the water level at Franklin 18 of 0.3 m 
would stop the summer flow and a drop of 1 m would stop the winter flow (Figure 95). 
 
4.3.6.2 Hepburn Spring Levels 
 
Groundwater levels from several monitoring bores at Hepburn are presented on Figure 96 and 
indicate a annual fluctuation of around 0.2 -  0.5 m.  The flow of Locarno Spring more closely 
mimics the hydrograph of the more distant monitoring bore Wombat 56 that is situated near Wyuna 
Spring near 300 m distant.  The drop in flow of Locarno matched the period of flow from the new 
Wyuna Spring bore (SKM, 2004).  Hepburn monitoring details are included in Appendix 04.06. 
 
Only the shallow open groundwater system is developed in the monitoring bores, but some of the 
response like that at Wombat 56 may more closely reflect the pressure variations of the deep flow 
system. 
 
The relationship between groundwater levels and spring discharge has been presented on Figure 97. 
As a control the flow of the Spargo Creek mineral spring located south of the Dividing Range has 
been included.  There is no direct measurement of the head at Locarno Spring.  A drop of 0.2 m 
would result in a fall in the flow of Locarno spring of around 30 m3/d.  Similarly, if the water level 
in the bore Wombat 41, located closer to Locarno spring, was to fall by 0.2 m then the spring flow 
would drop by 50 m3/d; i.e. Locarno spring would dry up. 
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Figure 94. Spring flow and the groundwater hydrograph for Franklin 18, Lithia Mineral 
Spring Reserve. 
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Figure 95. Correlation between spring flow and groundwater levels in the close 
observation bore.  
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Figure 96. Flow of Locarno Spring compared with groundwater hydrographs in 
Hepburn MSR, 1980 - 2004. 
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Figure 97. Mineral spring flow (Logarithmic scale) at Locarno spring and other springs 
in the Daylesford compared with the groundwater hydrograph of Wombat 56 
near Wyuna spring HMSR. 
 
4.3.6.3 Rainfall Correlations with Groundwater Levels and Spring Flow 
 
Time series correlations between the water levels in monitoring bores, the flow of Locarno Spring 
and rainfall and are presented in Table 16.  Many catchment factors influence the correlation and 
temporal variation within the relationships.  The best correlation between Locarno Spring flow and 
bore hydrographs is at the eastern end of the reserve (Wombat 56) and the upper catchment bore 
(Wombat 63), not the bores in close proximity.  Variation in water level response is noted within 
reserve.  Spring outlet flow geometry and pumping from Pavilion Spring may combine to regulate 
the levels of the bores close to Locarno Spring, while the flow of Locarno spring is linked to deep 
fissure outflow consistent with the hydrograph response at the eastern side of the reserve (Table 
16). 
 
Table 16. Correlation (r2) between rainfall, spring flow and water levels. 
Rainfall Water Level 
Correlation Matrix 
Hepburn Mineral Spring 
Reserve 
Rainfall MS 27 
Locarno 
Spring 
Wombat 40 
(13 m) 
Wombat 41 
(12.6 m) 
Wombat 56 
(13) 
Wombat 63 
(35.5) 
Rainfall 1  
MS27 Locarno 0.47 1  
Wombat 40 0.44 0.67 1  
Wombat 41 0.52 0.58 0.95 1  
Wombat 56 0.52 0.84 0.85 0.86 1  
Wombat 63 0.58 0.81 0.74 0.72 0.92 1 
 
4.3.6.4 Rainfall Hysteresis Relationships 
 
Hysteresis relationships in the hydrographs are illustrated by hydrographs from the Lithia Reserve, 
from mid catchment areas and the rainfall data have been examined (Figure 98).  Response depends 
on the peakiness and rainfall intensity distribution.  The maximum monthly rainfall peak is July, 
while the minimum is in February.  Groundwater hydrograph troughs occur between February to 
June and the peaks occur between June and November.  The lag between movement of water levels 
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for bores in the reserve is around one month behind bores in the top of the catchment around 
Daylesford. 
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Figure 98. Rainfall and the groundwater hydrograph of Franklin 18 Lithia Mineral 
Spring Reserve 1989 - 2005. 
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Figure 99. The correlation and attenuation between water levels in the Lithia, Hepburn 
and the upper catchment hydrographs (1978 - 2005). 
 
4.3.7 Age Considerations in Mineral Water Flow Systems  
 
Central Victorian mineral waters flow systems persist for at least 10 to 40 kilometres.  Water ages 
have been considered by examining replenishment periods, flow hydraulics, CFC’s, bacterial 
monitoring and isotope dating methods.  
 
Caution is required with respect to the age of the waters due to the evidence of bacterial 
contamination, which identifies a portion of the spring water having an age of between 5 and 30 
days.  In the worst case 20% may be modern "creek or recharge seepage" water.  The exhumation 
of the spring eyes revealed the fractured and shattered nature of the rocks and why the volatile 
CFC's failed as a dating technique.  Dye tracer trails have been used to identify pollution risks and 
identify flow and mixing in the discharge areas.  Dye tracer and Kidd Gilly water race inflow into 
North Frenchmans Reef mine (Skeats, 1914) indicate rapid rates of movement of 5 - 30 m/d are 
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possible in dilated fissures.  It is problematical that these may be applied to the movement of water 
in the system as a whole82. 
 
At Daylesford, the bedrock aquifer was dewatered several times to a depth of 350 – 450 m during 
the period 1870 – 1920.  The ages of the mineral waters in the Hepburn and Glenlyon systems have 
been examined.  In the Lyonville – Vaughan flow system the estimated replenishment period for 
the mineral water storage is estimated to take 1000 – 6000 years83 at Glenlyon, at 13 km.  At 
Hepburn the age based on replenishment time is estimated to be between 1000 – 6500 years.  From 
the 14C %o PMC dating, an increment of around 9000 years is suggested between recharge and 
Hepburn, at 12 km, with a recharge age of 21000 years.  Modern carbon in the mineral waters is 
swamped by the accession of fossil carbon from the incongruent solution of carbonates and 
contributions from graphitic carbon in the rock mass. 
 
4.3.8 Estimate of the Mineral Water Flow System Yield 
 
Several authors including Szabo (1976), Laing (1977) and Shugg and Knight (1994) have presented 
estimates of the size of the mineral water resource.  The later estimated spring eye outflow as 70 – 
200 ML/a (records of flow are tabulated in Appendix 04.04).   
 
Several different methodologies have been used for estimation.  Laing (1977) examined the yield 
on the duel basis of recoverable resource and an annual recharge based on a percentage of the total 
catchment rainfall.  As a control, the dewatering of the Mines on the Cornish Line to a distance of 3 
km from Hepburn Reserve completely stopped the Hepburn springs for several years.  Based on an 
analytical simulation using hydraulic properties from pumping tests and observed mine dewatering 
rates an estimated drainage rate of as little as 180 ML/a could have produced this effect.  This rate 
is twice the estimated through flow rate for the Hepburn system. 
 
The methodology adopted for each system is to sum spring eye discharge, calibrate with through 
flow estimates and then equate these to recharge.  In the Hepburn system the sum of the average 
natural and developed flow of individual spring eyes is around 22 ML/a.  Attributing this to 4.6 
km2 recharge area R5 (see Appendix 04 01) suggests a recharge rate of 5 mm is achieved in the 
deep perennial circulation system.  Through flow estimates based on mineral water base flow 
analysis and its contribution of 68 ML/a to Welshmans Gully flow in Hepburn Mineral Spring 
Reserve.  For the Hepburn system designated “N5” a total yield as spring flow and through flow is 
estimated as around 88 ML/a.  This is equivalent to a recharge rate of 20 mm/a to the deep flow 
system below R5.  This is a small proportion of the inferred recharge to the Ordovician bedrock 
elsewhere along the crest of the Great Dividing Range (Shugg 1974).  Away from the divide 
recharge rates estimated by Jenkins and Dyson (1983) to weathered Ordovician profiles are 10 – 40 
mm/a in the more arid climate of Bendigo – Kamarooka area.  
 
The main springs are associated with deep groundwater flow from recharge areas along a 40 km 
long section (N1 – N9) of the Great Dividing Range.  In all springs and high alkalinity groundwater 
may be associated with the recharge areas stretching over 170 km weathered bedrock profiles at the 
crest of the Greta Dividing Range from Clarendon south of Ballarat to Donnybrook and 
Flowerdale. 
 
Inferred recharge rates derived from the quotient of the spring eye discharge and the area of 
recharge vary from < 1 to 5 mm for the different mineral water flow systems.  The highest value 
corresponds to the Hepburn Spring system on the Cornish Line.  In the Hepburn Mineral Spring 
Reserve the spring eye discharge was found to be around one quarter the mineral water discharge 
82 Flow at 5 - 30 m/d would be equivalent to 1 – 4 years from recharge. 
83 Detailed computations are included in the accompanying Technical Notes on the Hepburn and Glenlyon Spring. 
from the reserve with the remainder being base flow to the creek84.  Spring eye discharge plus 
estimates of base flow contributions in discharge zones based on the Hepburn observations suggest 
recharge rates to the deep fissure systems of vary from 0.1 – 20 mm/a in the recharge areas R1 – 
R9 (Figure 100 and Appendix 04.01).  Based on the spring eye and base flow estimates for the deep 
perennial systems a total flow of 240 ML/a is possible for the north flowing systems N1 – N9 and 
around 30 ML/a for the south flowing S1 – S5.  While recognising the geological differences 
within the bedrock at the crest of the Dividing Range extrapolation of the Hepburn system recharge 
rates would greatly increase the estimates of the flux of mineral waters.  If recharge rates of 5 mm/a 
were applied uniformly, the deep perennial systems would carry 540 and 735 ML/a respectively.  
The evident heterogeneity in the rock mass and the wide spread bore hole occurrence of high 
alkalinity groundwater suggests that the flux of mineral waters is much greater than the spring eye 
flow and baseflow separation estimates suggest. 
 
4.3.8.1 Discharge Zone Dynamics and Spring Flow 
 
Discharge zone dynamics determine whether mineral water or a groundwater mix or if discharge 
occurs as diffuse flow to surface streams.  For mineral water to be discharged it must remain 
effectively discrete from the shallow groundwater waters.  This may occur because of either the flux 
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Figure 100. Recharge sub catchments at the crest of the Great Dividing Range for fissure 
based deep perennial flow systems. 
of the discharge or the hydraulic integrity of the fissure systems.  Mixing or diffusion into the minor 
fissure set in which the ambient groundwater in the upper part of the aquifer is developed and 
weakens or masks the character of the ascending water.  Flow and mixing models incorporating 
contributions from primary fissure systems have been applied to other spring systems such as the 
Allevard Springs in France (Razack and Dazy, 1990). 
 
The natural undisturbed flow rates of the mineral spring eyes are small.  Individual springs usually 
have flow rates of 0.01-0.4 L/s (0.3-13 ML/annum) the largest spring flows occur at two outlets in the 
Hepburn Mineral Spring Reserve with the Pavilion Spring 0.2-0.3 L/s (6-9 ML/annum) and the 
Locarno spring 0.3-0.4 L/s (9-13 ML/annum).  The discharge from individual springs is small, and 
usually falls in the range 0.01-0.4 L/s (0.3-13 ML/a) and may vary by more than 50% in one season.  
                                                     
84 Refer to the Technical Notes on Hepburn Mineral Spring Reserve. 
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Some of the smaller springs stop flowing in drier periods and in drought years.  Much of the mineral 
water bypasses the spring eyes and discharge is to base flow and rivers in the distant discharge area.  
Base flow interpretation at Hepburn suggests that through flow and diffuse discharge may be more 
than 6 times the spring eye discharge.   
 
 
 
Figure 101. Ordovician bedrock recharge area for the Cornish Line N5 and forest 
regrowth at the crest of the Great Dividing Range east of Leonard’s Hill. 
 
4.3.9 Spring Flow Variations - Seasonal and Diurnal 
 
Long term variations in flow correspond with the water levels observed in the monitoring bores in the 
reserve.  In turn, these respond to rainfall patterns.  Seasonal fluctuations in spring flow were noted 
in the early 1890's.  At the turn of the century Mr. Baff the HMSR Park Caretaker indicated that 
spring flow was larger in early spring and slower in the late summer.  
 
The water appeared more gaseous in summer than in winter.  Barometric effects on the spring flow 
were noted at this time and recorded by Skeats (1914).  Diurnal fluctuations in spring flow in the 
reserve were noted in Skeats (1914), in Szabo (1976) and by Laing (1977) and have been observed 
in data logger monitoring.  In June 1998, a V notch weir and data logger were installed in 
Welshmans Gully at Locarno Spring by the Victorian Mineral Water Committee.  The logarithmic 
plot of EC and the inverse of the log of the flow are presented on Figure 102.  Winter flow in the 
gully lasts for four months of the year (July to November) and then flow of the Gully is dominated 
by base flow from the mineral springs. 
 
For most of the year base flow is almost entirely derived from mineral spring discharge, this can be 
verified by comparing the EC records.  The EC of the ascendant mineral water is around 2250 
μS/cm.  A small portion of the record has been excised to illustrate the relative contribution to flow 
of spring gully in the months of December to March.  Spring discharge is dominant and its 
contribution is verified by the constant EC (Figure 103), the small perturbations in the flow record 
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probably relate to minor meteorological phenomena such as the passing of weather fronts, and 
small rain showers.  
 
4.3.9.1 Lithia Spring Flow 
 
Spring discharge is influenced not only by seasonal and climatic factors, but by the arrangement of 
the spring discharge point and its surrounds.  The pipe from the spring eye has been replaced a 
number of times, the latest instance in 1986.  The flow readings from the spring presented on Figure 
104 illustrate, that the limited data impedes interpretation of flow history.  Data collected after 1999 
shows the seasonal variation and all the historical readings fall within this range. 
 
4.3.9.2 Base flow Analysis Welshmans Gully at Locarno Spring 
 
In 1998 flow, temperature and electrical conductivity were logged at a “V” notch weir situated on 
Welshmans Gully between Locarno Spring and Pavilion Spring.  Only nine months of initial data is 
available for the weir before it was removed during restoration works on Locarno Spring. 
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Figure 102. Flow and EC at Locarno spring flow between June 1998 and February 1999 
illustrating the seasonal base flow and spring discharge in Welshmans Gully. 
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Figure 103. Short term variations in Locarno spring flow between December 1998 and 
March 1999 from the data logger on the V notch weir on Welshmans Gully. 
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Figure 104. Plot of the flow variation recorded at Lithia Spring between 1905 and 2005. 
 
The data from the weir enabled the examination of the concepts regarding mineral water discharge 
in the Reserve.  Without measurements being available it was reasonable to assume that most of the 
mineral water discharge was focused at the springs: Wyuna, Locarno and Pavilion.  A substantial 
amount of the base flow discharge to the creek bed bypasses the developed spring eyes.  However, 
this discharge has a strong seasonal bias.  As waterlevels decline, the discharge almost entirely 
occurs at the spring eyes.  Base flow analysis was carried out using hydrograph separation 
(Boughton, 1988), with data from June 1998 to February 1999 the base flow below is 48% of the 
total flow.  A base flow index value 0.025 was used.  A plot of the flow hydrograph and the base 
flow curve separation are presented below in Figure 105. 
 
 
 
 
Figure 105. Hydrograph base flow separation daily flow curve for the weir below Locarno 
Spring on Welshmans Gully HMSR, 1998. 
 
Interpretation of the gauging results suggests that the mineral water outflow from the Reserve is in 
excess of 80 ML/a.  Though only a small proportion of this is from the spring eyes – public springs 
(Table 17). 
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Table 17. Summary for Welshmans Gully - Flow Rates and Mineral Water Discharge 
Estimates from readings at the weir below Locarno Spring. 
 
Component of Flow Yearly 
Discharge ML 
Average Daily 
ML 
Locarno Max 
Flow ML/d 
Locarno Min 
Flow ML/d 
Welshmans Stream Flow at weir below 
Locarno Spring 
201 0.55  
Mineral Water as base flow passing the 
weir below Locarno Spring 
80 0.22  
Discharge from Locarno Spring (from 
spring flow readings) 
12 0.032 0.046 0.018 
Conclusion: Locarno Spring flow represents only 15% of mineral water passing down Welshmans Gully at 
the weir and 7.5% of the total flow. 
 
4.3.9.3 Data Logger Records from HMSR 1999 – 2002. 
 
As part of a hydrological monitoring program in the Hepburn Reserve data loggers were placed at 
Pavilion Spring, Locarno Spring, Emergency Bore and in observation bores near the bath house 
and Locarno Spring.  Electrical conductivity, temperature and water level or flow rate have been 
recorded.  Hourly and median daily values are recorded.  Examination of the natural variations and 
impacts of pumping and extraction provides a valuable contribution to the management of the 
reserve while providing a detailed insight into the physical interrelationships.   
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Figure 106. Seasonal Variation in the Temperature, Electrical Conductivity and usage at 
Pavilion Spring. 
 
At Pavilion Spring the temperature ranges from 12o to 15o C85 and the EC range 2000 – 2500 
μS/cm.  There is an inverse relationship between the temperature of the water and the electrical 
conductivity.  Warmer water is present during the summer months, although the temperature of the 
water falls during the higher rainfall months just after winter.  This may reflect the impact and 
moderation of groundwater temperatures by local seasonal recharge (Figure 106).  Drops in 
electrical conductivity also accompany pumping from the Pavilion Spring, and also suggest 
induction of fresher shallow water from the shallow phreatic zone of the bedrock aquifer. 
                                                     
85   As the 20% and 80% percentiles. 
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The temperature data (Figure 107) at Locarno Spring shows some influence of the ambient 
conditions during the winter months, but is in the same range during the summer months.  
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Figure 107. Flow, Temperature and Electrical Conductivity Recession Patterns of 
Welshmans Creek at Locarno Spring. 
 
Summer flow from Locarno Spring at 15oC makes up nearly all the stream flow at the “V” notch 
weir.  From late October to the following June the stream flow is comprised of mineral water 
discharge from the spring and creek bed. 
 
4.3.9.3.1 Variations in Electrical Conductivity 
 
The variations in electrical conductivity in μS/cm have been plotted for the weir on Welshmans 
Creek, Pavilion Spring and in Emergency bore on Figure 108.  At the gauge on Welshmans Creek 
the EC, follows a hysteresis cycle associated with creek flow freshening and drying patterns.  Low 
flow unattenuated spring discharge has an EC of around 2100 μS/cm.   
 
The pumping from the Emergency bore illustrates the dynamics of the bedrock system; the EC 
range is from 500 – 2750 μS/cm (Figure 109).  The bore is not far from Spring Creek and the low 
salinity of the water is explained by prolonged pumping inducing creek water during winter months 
and the higher leakage from the creek during summer months when the creek contained mineral 
water discharge from higher in the valley. 
 
Variation of EC from 2000 – 2600 μS/cm for waters at Pavilion Spring (Figure 110) are appear 
related to extraction regime.  The pit of the spring has some storage pumping regimes were altered 
in mid 2004, but previously pumping depleted storage and then induced additional flow.  Natural 
inflow has a EC of around 2400 μS/cm.  Pumping results in the lowering of the EC suggesting 
inflow from the shallow fresh groundwater and possibly from the creek.  The creek water contains 
low levels of faecal Coliform and the existence in spring water may corroborate this relationship.  
These aspects of the water quality that identify mixing in the spring discharge zone have hitherto 
been ignored. 
 
4.3.9.3.2 Interrelated Seasonal Patterns of Water Level Conductivity and Temperature 
 
Pumping practices once used in the reserve are illustrated in Figure 109 with the regularity of 
extraction from the “Emergency” bore and the intermittent extraction from the naturally flowing 
Pavilion Spring.  This pattern of extraction was modified in 2004 as a consequence of the 
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examination of monitoring results.  The amplitude of level fluctuations in the bore closer to the 
Emergency bore is due to usage pattern of the extraction bore, as much as the response of water 
levels is subdued in the bore near Locarno Spring. 
 
Seasonal fluctuations in the electrical conductivity are present and relate to the extraction patterns 
and to natural variations in hydraulic regime in the reserve.  Across the Reserve, the mineral waters 
vary by as much 20% or 500 μS/cm in EC.  This is possibly related to the mixing with fresher open 
system waters of the water table and stream bed. 
 
The temperature of the mineral is best characterised by the data from Pavilion Spring and 
Emergency bore.  The temperature of the water from Emergency bore is relatively constant 
considering the wide variation in electrical conductivity, this may be due to the extraction depth 
and the moderation of the temperature drawn through the rock mass, larger rates of extraction may 
present different dynamics.  The temperature of the mineral water discharge before moderation by 
mixing or near surface effects is around 12 – 13o Celsius.   
 
4.3.9.3.3 Short Term Data Logger Records 
 
Pavilion Spring data in Figure 114 illustrates the variation in electrical conductivity induced by 
pumping from the Pavilion Spring.  Response lags the pumping and may be influenced by 
antecedent conditions, meteoric conditions and other factors.  The relationship suggests that a 
portion of fresh shallow open system water is induced to mix with the discharging mineral water.  
The range of EC variation is around 20%. 
 
The pumping test conducted in the Hepburn Reserve in 1976 illustrated the slow propagation of the 
drawdown surface through the reserve and that drawdown continues after pumping ceases due to 
the effects of a sloping water table.  Cyclic pumping of the Emergency bore results in attenuated 
interference waves spreading through the Reserve.  The water level response in the near and 
distance bores will be much smaller and this is suggested as Figure 113.  The water level at 
monitoring bore near the bath house has around five times the fluctuation during this period 
compared with the bore near Locarno Spring.  While compared with the response in Figure 114 it is 
apparent that the pumping cycles are reflected in the bath house bore about 160 m down strike.  
The lag in response and factors such as pumping from Pavilion Spring (260 m) may influence the 
levels in the monitoring bore near Locarno Spring. 
 
Cyclic pumping of the Emergency bore is examined in Figure 114 and shows the gradual decline in 
the water level at the bath house bore (Wombat 37), partly attributable to seasonal effects and the 
smaller indents in water level corresponding to daily pumping events.  The bore near Locarno 
Spring (Wombat 41) shows several days lag before response and much attenuated drawdown 
superimposed on local fluctuation patterns.  The water level fluctuations and delay in response is 
presented on Figure 115.  Lags in drawdown procession, and accumulated decline in water levels in 
bath house bore are noted.  Note the scale of the changes in water level in the observation bores are 
<0.1 m decline in one week and daily cycle response is around 0.02 m.  Importantly these values 
fall within the range in fluctuations due to weather fronts (barometric86), diurnal and the seasonal 
water level variations.  Importantly, the hydraulic effect of the pumping when reviewed with the 
water quality (EC) readings and enables some of the behavioural inferences made about the 
movement of water in the reserve can be corroborated.  In particular attenuation of the drawdown 
effects and the impacts of pumping have on spring flow can be masked by these natural harmonics.  
In direct terms it was found that pumping from the Emergency bore and Pavilion Spring could 
reduce Locarno Spring flow.  The management of the mineral water extraction in the Reserve has 
been modified to take this into account. 
86 Barometric fluctuations see Skeats (1914), Szabo (1976), Laing (1977) and Technical Notes on Hepburn. 
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Figure 108. Electrical Conductivity variation with flow at Locarno Spring Weir, 1999 – 
2001. 
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Figure 109. Electrical Conductivity variation with pumping at Emergency Bore (Wombat 
15031) 1999 – 2001. 
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Figure 110. Electrical Conductivity variation with pumping from the cellar on Pavilion 
Spring, 1999 – 2001. 
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Hepburn Mineral Spring Reserve  - Observation Bore Data Logger 
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Figure 111. Water Level, Temperature and Electrical Conductivity Fluctuations in 
Hepburn Mineral Spring Reserve. 
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Figure 112. Water level and electrical conductivity at Pavilion Spring (March, 2000).  
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Figure 113. Groundwater levels in bores near Locarno Spring and the Bath House. 
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Figure 114. Water level fluctuations attenuation in monitoring bores from pumping by the 
Emergency bore on the western side Hepburn Mineral Spring Reserve. 
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Appendix 01.01 Mineral Water Definitions. 
 
 
1.1 Overseas Definitions 
 
A wide spectrum of composition of groundwaters has led to the classification of groundwaters into 
specific categories and water types (Ivanov, 1979).  A presentation of the classification presented by 
the International Association of Hydrogeologists in the period 1970 – 1976 is presented below (Table 
1).  The classification is for mineralised waters – mineral waters and the primary classes follow the 
Chebotarev Series.  The International Association of Hydrogeologists definition subdivides the 
mineralised waters into classes based on dominant ions, concentration and presence of minor 
elements.  This complex classification has eleven classes based on anion predominance, and is then 
subdivided into subclasses.  The subclasses relate to cation, minor component and concentration of 
constituents. 
 
A mineral water should contain around 1000 mg/L total dissolved salts, and contain specific micro 
constituents such as iron, arsenic, fluoride, bromide, iodide, hydrogen sulphide, silica and radium.  It is 
recognised that not all mineral waters are carbonated and this requires that a classification considers 
the pH – Eh conditions of the water on egress before equilibration with atmospheric conditions. 
 
Table 1. Multi tiered classification of mineral waters proposed by the International 
Association of Hydrogeologists (after Ivanov, 1979). 
 
Composition Classes – Anion Based 
Class II Class III Class IV Class V Class VI Class VII Class VIII Class IX Class X 
HCO3 HCO3 – 
SO4 
 
 
SO4 Cl - SO4 Cl – SO4 – 
HCO3 
Cl – 
HCO3 
Cl Cl brines Cl 
strong 
Brines 
Composition Classes – Cation Based 
Ca Ca – Mg Ca – Mg – Na Na Fe  – Al –  Na Others 
Concentration based (in 1000 mg/L) 
1-5 5-10 10-35 35-150 150-350 350-650 
Minimum concentrations of high abundance minor constituents (mg/L) 
Fe > 20 As > 1 F > 5 Br > 25 I > 5 H2S > 10 H2 SiO3 > 50 Rn > 5 
Class I waters have different composition and around 1000 mg/L Total Dissolved Salts. 
 
The mineral waters of Central Victoria fall within the Class II and Class VII waters in the IAH 
subdivision, and the sub classes are Ca – Mg – Na and Na, while concentrations may fall between sub 
category A and B, ie. 1,000 – 10,000 mg/L Total Dissolved Salts.  Minor constituents such as iron and 
silica may exceed the concentrations of high abundance of minor constituents. 
 
1.1.1 EEC Regulations Governing Mineral Water  
 
The European Economic Community (EEC) regulations on mineral water deal with in particular the 
issues relating to the constancy of composition, protection of the source and the allowable treatment of 
the waters, before bottling.  Bottled waters must meet the standards of the country of production or 
consumption.  For drinking water the EC Directive is 80/778/EEC and for mineral water Directive 
80/777/EEC, and amended by Directive 96/70/EC. 
 
The EC produced the Directive 80/777/EEC, and amended by Directive 96/70/EC and in this natural 
mineral water was defined as: 
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“Microbiologically wholesome water, originating in an underground water table or 
deposits and emerging from a spring tapped at one or more natural or bored exits 
(see Figure 1).  Natural mineral water can in addition be “clearly distinguished” 
from ordinary drinking water: 
 
a) by its nature, which is characterised by its minerals content, trace elements or 
other constituents and, where appropriate, by certain effects; 
b) by its original state, 
c) both conditions having been preserved intact because of the underground 
origin of such water, which has been protected from all risk of pollution.  The 
composition, temperature and other essential characteristics of natural 
mineral water must remain stable within the limits of natural fluctuation; in 
particular, they must not be effected by possible variation in the rate of flow.” 
 
Monitoring and testing over several years may be necessary to prove that a mineral water satisfies 
these criteria.  An emphasis is placed on natural protection and stable composition, irrespective of 
whether the drinking water standards are met. 
 
 
 
Figure 1. Tanker transport of Victorian Natural Mineral Water - a deviation from the 
CODEX code. 
 
The water should be free of parasites, pathogenic microbes, Coliforms and faecal streptococci, 
sporated sulphate reducing anaerobes and pseudomonas aeruginosa.  In addition, the bacterial 
standards are designed to ensure that bacteria are not introduced during bottling. 
 
The directive Article 4.1 deals with the source and treatment of the waters in relation to the 
terminology ‘natural’. 
 
a) the removal of its “unstable elements” such as iron and sulphur compounds by filtration and 
decanting, possibly by oxygenation, in so far as this treatment does not alter the composition of 
the water as regards the essential constituents that give it its properties; 
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b) the total or partial elimination of free carbon dioxide by exclusively physical methods; 
c) the introduction or reintroduction of carbon dioxide under the condition laid down in Annex 1, 
Section III of the Directive. 
 
Waters bottled for medicinal purposes are not covered by these directives, but must pass the 
pharmaceutical trails in the country of consumption. 
 
Waters such as packaged water, table water, spring water or general water must meet the 
bacteriological and toxic contaminant criteria.  The local health authorities determine the degree of 
monitoring and analytical determinations.   
 
 
 
Figure 2.  Italian naturally carbonated mineral water bottle label, March 1983.  
 
1.1.2 CODEX Norms for Natural Mineral Waters 
 
The Food and Agriculture Organisation of the United Nations and the World Health Organisation 
developed the CODEX Norms.  Codex overlaps considerably with the recommendations of the 
European Community Directory, but the details are different.  Codex describes “natural mineral 
water” as being defined by: 
 
? Its content of certain minerals; 
? Derivation from underground body via boreholes or springs; 
? Its constant composition and temperature 
? Its abstraction in conditions that guarantee the original bacteriological purity of 
the water; 
? It is not being treated by anything other than a few simple authorised methods. 
Shugg, 2004; Appendix 01.01 Mineral Water Definition 4 
 
With respect to labelling Codex has the following regulations: 
 
a) The term natural mineral water describes water containing 1000 mg/L total dissolved salts or 
more than 250 mg/L free CO2, a water with less than these quantities may be called a “natural mineral 
water” provided adequate information is given to distinguish it from a “true mineral water”.  
Alternatively, the low mineralisation or low CO2 may be termed spring water or another appropriate 
name. 
 
In terms of the bottled water, there are requirements for compliance and these are outlined in Table 2 
below. 
 
Table 2. Translation of the Codex Natural Mineral Water Requirements. 
 
Technical definition required Equivalence  
Naturally gaseous carbonated natural mineral water Gas (CO2) content same as source 
Non – gaseous natural mineral water CO2 absent, as in the source 
Degassed natural mineral water CO2 content less than the source 
Natural mineral water fortified with CO2 from the source CO2 content may be more than the source 
Carbonated natural mineral water CO2 origin other than the source 
 
Other compliance criteria proposed in the Codex Norms for Mineral Waters are: 
 
b) the chemical content must be declared in volume and/or weight in the international system of units, 
in accordance with the regulations in the country where the product is sold; 
 
c) The place and name of the source as well as the name and address of the supplier must be declared; 
 
d) The country of origin must be declared in cases where its omission would be liable to mislead 
consumers; 
 
e) Each bottle must carry the code or inscription or mark to identify the production plant and the lot; 
 
f) When the product contains more than 600 mg/L of sulphate, excluding calcium sulphate, the phrase 
“can be laxative” may be used, similarly if the water has been subjected to any treatment then this 
should be stated on the label. 
 
g) It is forbidden to mention: 
Any medical or other favourable effects to the consumer’s health; 
Localities other than the origin of the contained water; 
Any indication or sign that may lead to the confusion about the composition of the water 
 
h) Optionally, a description of the water as alkaline1 for HCO3 > 600 mg/L, acidic for free CO2 >250 
mg/L (see H2CO3 in Figure 3), saline with > 1000 mg/L NaCl, fluoride with > 1 mg/L F, ferruginous 
with more than 5 mg/L Fe, or diuretic with TDS > 1000 and HCO3 > 600 mg/L.  There are constraints 
on this description as the CO2 speciation is strongly influenced by P – T relationships, Eh – pH 
conditions and the maintenance of a solutions electroneutrality. 
 
                                                     
1  Alkalinity and acidity expressed in units of CaCO3 and free CO2, A useful term for most waters is the TIC 
(sometimes expressed as Tc) though it may not take into account the CO2 aq phase, and it may be calculated 
using equilibria values.  Total Inorganic Carbon as TIC expressed in equivalent mg/L H2CO3 takes into 
account the pH dependence of the carbon dioxide species in the water. 
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Figure 3. Bjerrum relationship depicting the carbon dioxide speciation in aqueous solution 
with varying pH. 
 
Australian and Victorian codes and definitions are not sophisticated and do not address consumer 
protection or the concepts of fair representation of mineral water as in the EEC Directives, in the US 
Food and Drug Agency codes or as in the CODEX Norm.  In Australia, the Commonwealth 
Government has chosen not to addressed these issues and this was highlighted in an article by the 
consumer magazine Choice in February 1996. 
 
1.1.3 Swiss Definition (Art. 279) 
 
The Swiss are not a member of the EC and the Swiss have a definition that also deals with “Natural” 
Mineral Water. 
“Natürliches Mineralwasser ist mikrobiologisch einwandfreies Wasser, das 
aus einer oder mehreren natürlichen Quellen oder aus künstlich 
erschlossenen unterirdischen Wasservorkommen besonders sorgfältig 
gewonnen wird.” 
 
In essence it follows the principles of the EC determinations of purity and treatment. 
 
1.1.4 German Regulations 
 
German regulations recognise different maximum levels of minerals and trace elements should apply 
for mineral water compared with drinking water (including tap water).  The most striking aspect is that 
drinking water must conform to stricter standards than mineral waters. 
Table 3. German water quality criteria for drinking and mineral waters. 
 
Element (mg/L) Drinking 
Water 
Mineral 
Water 
Element (mg/L) Drinking 
Water 
Mineral 
Water 
Aluminium (Al)  0.2  Mag. Hypochl. (MgH)+ 0.01  
Antimony (Sb) 0.01 0.01 Magnesium (Mg) 50  
Arsenic (As) 0.01 0.05 Manganese (Mn) 0.05  
Barium (Ba) 1.0 1.0 Nickel (Ni) 0.05 0.05 
Borate (BO)3 30  Nitrate (NO3) 50  
Boron (B) 1.0  Nitrite (NO2) 0.1  
CCl4 0.003  pH 6.5 - 9.5  
CHCl-Group 0.01  Phosphate (PO)3- 6.7  
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Element (mg/L) Drinking 
Water 
Mineral 
Water 
Element (mg/L) Drinking 
Water 
Mineral 
Water 
Cadmium (Cd) 0.005 0.005 Potassium (K) 12  
Calcium (Ca)  400  Mercury (Hg) 0.001 0.001 
Chloride (Cl) 250  Selenium (Se) 0.01 0.01 
Chromium (Cr)  0.05 0.05 Silicate (SiO2) 40  
Cyanide (CN)  0.05  Silver (Ag) 0.01  
Fluoride (F) 1.5  Sodium (Na) 150  
Iron (Fe) 0.2  Sulphate (SO)2 240  
Lead (Pb) 0.04 0.05 Tensides 0.2  
 
1.1.5 United States National Definition of Mineral Water  
 
The USA distinguishes between several types of water.  Definitions are usually based on mineral 
content.  The US authorities response to ODEX endorses the principles of consumer protection and 
accurate and representative labelling. 
 
The US Food and Drug Agency defines Mineral Water as: 
 
Mineral Water: is Spring Water that contains at least 250 mg/liter (or 250 parts 
per million) of Total Dissolved Solids (TDS). This property must be verified 
through a laboratory test whereby a liter of water, evaporated at 180 degrees C, 
should leave a residue of minerals and salts.  Up to 249 mg/liter it is classified as 
'Spring Water'. From 250 to 500 mg/liter, it is considered 'Low Mineral Content' 
or Light Mineral Water and, above 500 mg/liter, normal or High Mineral 
Content.  
 
Usually, only waters above 1000 mg/L are called “Mineral - High Mineral Content”.  
 
Note: this contrasts to the European definition, where all Natural Spring Waters with a TDS of 0 to 
500 mg/litre are considered as either Mineral with Low Mineral Content or just simply mineral waters. 
 
1.1.6 US National Water Well Association Definition 
 
The NWWA of USA represents the broad professional spectrum of the groundwater industry and 
provides excellent technical documentation on water resources.  The NWWA offers the following 
consistent definition of mineral water: 
 
Mineral Water: It contains not less than 250 ppm of total dissolved solids.  minerals 
in the water must originate from a natural underground source and no minerals can 
be added.  Some waters are labelled “low mineral content” and they have total 
dissolved solids below 500 ppm.  Waters labelled “high minerals content” contain 
dissolved solids above 1500 ppm. 
 
This definition recognises a requirement that mineral water is subset of groundwaters with a certain 
mineral content, and further there are classes of mineral water determined by the concentration of 
dissolved salts. 
 
1.1.7 Californian Definition 
 
In California, “mineral water” has been defined as water containing more than 500 mg/L Total 
Dissolved Salts.  This is half the concentration suggested by the International Association of 
Hydrogeologists.  Importantly, as with the US FDA definition California uses a lower limit for 
dissolved material to differentiate between “mineral water” and “fresh” water or “spring” water.  The 
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definitions of the Victorian Water Act 1989, and the Australian New Zealand Food Authority 
(ANZFA) fail in this respect. 
 
1.2 Australian New Zealand Food Authority (ANZFA) Definition 
 
The ANZFA Food Standards Code for Mineral Water, Standard 08 states:  
 
"mineral water means ground water obtained from subterranean water bearing 
strata that, in it's natural state, contains soluble matter." 
 
The ANZFA definition is considered as technically loose as it redefines the legal, hydrogeological and 
scientific term “groundwater” as “mineral water”.  However, stated in the definition is that the water is 
obtained from strata, in practical terms this means a bore hole and may be interpreted to exclude 
natural spring flow.  Whether this was the intention of the definition is a matter of speculation. 
 
Axiomatically, groundwaters contain dissolved soluble matter, but Internationally and professionally 
not all groundwaters are known as the class “mineral water” or “natural” mineral water.   
 
There is no legal or scientific principle that supports the ANZFA usage and it is stressed that it is in 
conflict with the existing and previous definitions in Victoria Water Law.  Further, as a code of 
standards it only aids in the commercial misrepresentation and substitution of waters.  The definition 
disregards the idioms of consumer protection that is seen as paramount in all overseas definitions and 
legal practice.  In particular, the ANZFA approach contrasts with the sophisticated expression of the 
American FDA definition and the CODEX Norms. 
 
Unfortunately, the ANZFA definition, is recognised as useful to a small number of national bottling 
institutions, and in the organisations acquiescence continues the provision of inadequate or 
inappropriate information on water container labels.  Applicability to the sustainable water resource 
management and regulation in Victoria that continue to operate under the provisions of the Victorian 
Water Act 1989, is questionable. 
 
1.3 The Victorian Definition 
 
Until the Groundwater Act 1969 was proclaimed2, groundwater and mineral water were dealt within 
the Mines Acts as minerals.  Historically, this followed on from the 1850’s when the main purpose for 
regulating groundwater was to keep mines dry and to primary metallurgical process water and sluice 
water.  Deep3 bedrock reef mines of Central Victoria pumped 1 – 5 ML/d and the Deep Lead mines 
kept tens of kilometres of aquifer dewatered for decades.  In this period of intense mining activity 
there was some sense regulating groundwaters in the Mines Act.  Even today, mines and petroleum 
wellfields remain the largest individual groundwater extractors in the State.  
 
After the drought of 1967-1968, the importance of regulation of all water resources within the 
Victorian Water Sector became apparent.  In 1969, a separate Groundwater Act was established.  A 
definition of mineral water was included, and this definition was carried over to the Water Act 1989.  
Eventually the licensing of mineral water extractions was included in the Water Act 1989.  Occupancy 
and leasing of mineral spring reserves for purposes of either extraction or bottling also has involved 
the administrator of public lands, the derivatives of the Lands Department, now Department of 
Sustainability and Environment (Natural Resources and Environment). 
 
                                                     
2  Rescinded in 1989. 
3  Deep is termed here as 200 to 1600 m.  The deepest mines were located in Bendigo.  The Deep Lead mines 
extracted large amounts of water, some information is available for individual mines, as dewatering rates and 
managing rates, pumping of the water accounted for as much as 25% of the operating costs.  Data can be 
estimated from records of boiler fuel use and from Hunters 1909 GSV Memoir No. 7. 
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In Victoria, the definition was based on the implicit understanding that mineral water comes from 
mineral springs that are found in mineral spring reserves.  The definition of mineral water was 
adequate while extraction took place in the reserves and from bores in close proximity to the mineral 
spring reserves.  
 
The Water Act 1989 now defines mineral water for the purposes of applying the 1.5-cent per litre levy.  
In turn, the levy is the source of funds used to beautify and improve mineral water infrastructure. 
 
In Victoria mineral water4 is defined in the Water Act 1989 as: 
 
“groundwater which in its natural state contains carbon dioxide and 
other soluble matter in sufficient quantities to cause effervescence or 
impart a distinctive taste.” 
 
From a hydrogeochemical perspective, consider the logic of this definition: 
 
i. Contains carbon dioxide – all waters contain carbon dioxide; 
ii. “and” other soluble matter – all groundwaters contain other soluble matter; 
iii. to cause effervescence – all emergent waters degas small or variable amounts; 
iv. “or” impart a distinctive taste – all groundwaters have a distinctive taste. 
 
The current definition is qualitative, and neither exclusive nor definitive.  As an illustration of the laxity 
of the definition, it is pointed out that the description applies equally to water that occurs in landfill 
leachate plumes and that is associated with the underground disposal of dairy waste.  Most spectacular 
effervescent and frothing has been observed in bores close to Landfill sites, and these contain copious 
quantities of carbon dioxide, other gases, soluble matter and possess a “distinctive taste”. 
 
Mineral waters of Central Victoria and the Bellarine Peninsula have been used as bottling waters and 
to supply bathhouses.  A general definition of mineral water might therefore recognise the source and 
antecedent use, for newly developed waters a process of accreditation may be appropriate.  The 
purpose of the Victorian definition includes the provision for management of the levy and its 
collection.  Mineral waters of various compositions, effervescence and taste have attracted the mineral 
water levy. 
 
1.4 Classifications of Victorian Mineral Waters 
 
Early classification of mineral waters in Victoria was proposed by Newbery (1867) and was based on 
a water classification proposed by Dr. Hunt of Canada.  “The Palaeozoic and other rocks of Victoria 
contain a great number of mineral springs, very few which have attracted much attention, most of 
them being known only as brackish water.  We may divide them into six classes, proposed by Dr. 
Sterry Hunt5 for the Canadian waters.” 
 
 
 
 
 
                                                     
4  In Victoria Mineral Water was included as a mineral by definition of the Mines Act 1921.  It was not 
removed until 1971, after the promulgation of the Groundwater Act 1969.  Crown grants made before 1921 
and back to 1892 reserved mineral water to the Crown, before 1892  "minerals" were not reserved to the 
Crown.  After 1921 and before 1971, mineral water was reserved to the Crown and inalienable.  The Water 
Act 1989 enables allocations to be made by ministerial delegation. 
5  From the views published in a paper titled “On the Chemical and Mineralogical Relationship with 
Metamorphic Rocks”, Article XX, American Journal of Science and Arts referred to in Daintree 1866. 
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Table 4. Classification of Victorian Mineral Waters Proposed by Newbery in 1867. 
 
Class Principal Minor Absent or minor Example 
First Na and K chlorides Ca and Mg 
chlorides 
carbonates  Salt lakes, Maldon mines 
Second Ca + Mg  carbonates 
sulphates 
  Moyston Quartz mines Barwon Heads 
Miocene Tertiary Aquifer 
Third Ca + Mg carbonates, 
and sulphates 
Na 
carbonates  
 Hepburn Springs 
Fourth Na carbonate in excess  Ballan and Glenlyon 
Fifth Strong acids, especially sulphuric   
Sixth Sulphate in excess, often with associated selenite6. Murray Basin , Tarrengower sulphate of 
magnesia 
 
A descriptive classification of the waters was used by the Geological Survey Chemists (Field, 1930)7, 
and identified the mineral waters as “magnesic-calcic-sodic carbonated alkaline water”.  Over time, 
the classification of groundwaters became based on use and utilised the rudiments of water quality 
criteria.  For instance Gloe (1947), in discussing the quality of Victorian underground water, used a 
classification based on the limits of salinity for drinking water for human, horses, cattle and sheep.  
The State Environment Protection Policy – Groundwaters of Victoria (1998) follows a similar salinity 
based classification, and incorporates a category for mineral waters, with less than 3500 mg/L TDS. 
 
A significant classification of groundwaters (Table 5) was proposed by Johns (1971) for the waters of 
the Otway Basin of Southern Victoria.  This classification acknowledged the evolution of sodium 
bicarbonate groundwaters in the aquifers and considered the development of hydrochemical facies 
previously based on the percent sodium ions as a percent of total cations (Back, 1966), however Johns 
(1971) classification was weighted by the general dominance of the chloride ion in the groundwaters.  
A three tiered classification (Table 5) based on chloride ratios, alkalinity and the pH of the waters was 
used to categorise the waters.  
 
Table 5. Classification used for the Groundwaters of the Otway Basin derived by Johns 
(1971). 
 
Classification Molar Sodium Chloride 
Ratio 
Molar Magnesium Chloride 
Ratio 
A < 0.80 ∃ 0.10 
B 0.80 – 0.95 ∃ 0.10 
C > 0.95 ∃ 0.10 
D > 0.95 < 0.10 
E 0.80 – 0.95 < 0.10 
F < 0.80 < 0.10 
Classification - Sub Class  Based on Alkalinity meq/L 
K < 4 
L 4 – 7 
M 7 – 12 
N > 12 
Note: most of the mineral waters of Central Victoria have an acidic pH and an alkalinity of 10 – 30 meq/L (600 – 
1800 mg/L bicarbonate). 
 
The use of the sub classes K-N were used to account for the development of high sodium bicarbonate 
waters within the basin, and Johns (1971) noted that the bicarbonate is pH dependent and independent 
of chloride thus used the notation Class – pH – Sub-Class.  Therefore, the classification was based on 
                                                     
6  Selenite is a crystallised variety of gypsum (CaSO4.2H2O). 
7  in a report by F. Fields, a Chemist with the Geological Survey of Victoria. 
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chloride ratio, pH and alkalinity.  This classification recognised geochemical facies patterns that exist 
in the Otway and similar sedimentary basin aquifers.   
 
The carbonated mineral waters of Central Victoria are high alkalinity waters, and form a sub class of 
waters with high iron, slightly acidic pH and low chloride (Table 6).   
 
Table 6. Average and Median Concentrations of Major Ions for the carbonated mineral 
waters of the Central Victorian bedrock8.  
 
Central Victorian mineral waters - springs and 
bores 
Median Average Median in 
mmol/L 
n 
TDS 2076 2371 628 
Cl 60 109 1.7 657 
CO3 0 8 0.0 382 
HCO3 1492 1740 24.5 658 
NO3 (as NO3) 0 2 0.0 402 
SO4 17 34 0.2 606 
Ca 116 113 2.9 624 
Mg 105 119 4.3 623 
Na 240 318 10.4 614 
K 7 9 0.2 569 
Fe Total 8.2 15.8 0.1 551 
SiO3 46 48 0.6 602 
pH 6.53 6.78 562 
Milli eq Anions 27.1  
Milli eq  Cations 25.3  
% excess anions 3.4%  
Balance by Activity -6.05% -6.75% 562 
Balance by Concentration -0.93% -1.86% 562 
1 The data is from mineral springs and bores in spring reserves 1855 - 2003. 
 
Chloride concentrations can be used to differentiate between the Central Victorian waters and the 
waters of the sedimentary basins.  In recognition of the relationship between the redox conditions and 
the effervescence from the change in carbon dioxide species a strong and weak classification is 
tendered in Table 7; further subdivision may be made on the basis of the sodium magnesium ratio and 
the presence or absence of sulphate. 
 
Variants of the classification can be made by normalising with respect to chloride.  An example of the 
Central Victorian carbonated mineral waters would be Class III ACFI, and contrasts with Geelong 
carbonated mineral waters Class II AEHI. 
 
 
 
 
 
 
 
 
                                                     
8 Statistics of the Victorian groundwaters and the mineralised and high alkalinity waters are located in Appendix  
Shugg, 2004; Appendix 01.01 Mineral Water Definition 11 
 
Table 7. Categorisation of effervescence potential for Groundwaters with High Alkalinity. 
 
Class  TIC Eh – pH 
Strong Effervescence  
Eh – pH 
Weak Effervescence 
  Sub Class A Sub Class B 
I  600 – 800 
II  800 – 2000 
III  2000 – 8000 
100 mv – pH 6.3 -100 mv – pH 8.4 
 Chloride C < 500 2000 >D > 500 E > 3000 
 Sodium Magnesium Ratio F < 3.5 7.5 > G >3.5 H > 7.5 
 Sulphate mg/L I < 100 400 > J > 100 K  > 400 
 
1.5 Hydrogeochemical Definition for Victorian Carbonated Mineral Water 
 
A hydrogeochemical definition is proposed for the carbonated mineral waters of Central Victoria and 
is based on the heterogeneous thermodynamics of carbon dioxide exsolution and volumetric expulsion 
of carbon dioxide in the natural degassing process as calcite and iron oxides are precipitated from the 
water. 
 
As a guide, carbonated mineral water from Central Victoria should contain: 
 
• TIC sufficient to expel at least 0.15 L of carbon dioxide per litre of water expressed from 
the spring water and confirmed by thermodynamic equilibria calculations; 
• a bicarbonate alkalinity of at least 800 mg/L (as HCO3-) (TIC = 1831, Table 8); 
• a pH so that degassing pH migration gives a positive shift in pH to equilibrium with 
atmospheric partial pressure equilibrium at a pH of  > 8.2 and satisfies the first 
criteria; 
• changes in TIC and gas production may be computed from thermodynamic equilibrium 
(Table 8 and Table 9 ); 
• in recognition of the redox drive related to ferrous iron the waters should contain an initial 
dissolved iron content similar to the median or average of 7 – 16 mg/L; 
• degassing is a rate and temperature related phenomena and thus the loss of carbon dioxide 
should take place within 24 hours if the water is left to stand at room temperature (15 – 
20oC). 
 
Exceptions – arguments for exception can be based on temperature variation, lesser alkalinity if the pH 
is depressed and the TIC (see Table 8) is comparable with that in the standard criteria.  Exceptions 
should demonstrate volumes of carbon dioxide expulsion due to the degassing process.  
 
Examples of the volume of gas expelled from the waters may be computed from the thermodynamic 
equilibria.  Two case examples are presented in Table 8 and Table 9.  Deleted:  These are 
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Table 8. An example of the thermodynamics of carbon dioxide shift in speciation and 
expulsion associated with a typical pH shift seen in the mineral waters of 
Victoria. 
 
Case 1.  given HCO3 and pH, calc TIC, at  15  C
Assumption: Total Alk titratable HCO3  & CO3  ions as alkalinity source
A. Initial Conditions B. Adjust pH and HCO3 for electro neutrality
Total Alk as CaCO3 656 enter and adjust from HCO3
1. Input pH Initial 6.3 3. New pH 8.2
2. Input HCO3
- 800 4. Adjust HCO3
- 791
K1 at 15 Deg* 6.41
K2 at 15 Deg 10.46
mid pH*** 8.44 milli equivalents mg/L milli equivalents
H2CO3 1031 eq. 16.62 13 0.21
 Initial HCO3
- 800 13.11 791 12.97
CO3
2- 0 0.00 4 0.15
TIC initial 1831 13.12 TIC adjusted 808 13.11 meq/L
Change in TIC -1022 mg/L (positive is increase)** moles 0.016 L gas 0.369
Change in meq/L 0.00 meq/L (positive is increase)
* computed from values, Garrels and Christ 1965, p. 76., set using TIC sheet
** negative implies lost from the solution or movement to H2CO3 or CO2 (gas or aq)
*** pH where HCO3 ~= 99% of carbon dioxide species, see graph  
 
 
Table 9. Thermodynamics of carbon dioxide equilibria with an initial TIC of 800 mg/L 
and pH of 6.2 to equilibration at a pH of 8.2. 
 
Case 2. Based on a Fixed Initial TIC tune with pH, compute change in charge and TIC 
1. Initial: pH, TIC and temperature 2. Second: adjust pH then TIC
to obtain charge neutrality
pH 6.2 62 8.2 82
Total Inorganic Carbon 800 307
H2CO3 494.9 61.9% 4.9 1.6%
HCO3
-
305.1 38.1% 302.1 97.9%
CO32- 0.0 0.0% 1.7 0.5%
Ionic Strength* 0.0050 0.0050
PCO2 (closed system) 0.1783 10^  -0.749 atmos 0.0018 10^  -2.753 atmos
Temperature 15
Based on Charge Balance
Change in TIC mg/L** -491 Change in TIC moles 0.008
Change in meq/L 0.00 Eq TIC L gas 0.177
positive = increase
* Ionic Strength computed from ion balance based on NaHCO3 solution, ~ by molarity of HCO3
** negative implies lost from the solution or movement to H2CO3 or CO2 (gas or aq)
 
 
 
 
 
 
Appendix 02.01 Appendix Testimonials collected by Charles 
Troedel, 1872. 
 
 
Troedel, C. 1872.  Medical Opinion on the Hepburn Mineral Springs.  
Melbourne. Charles Troedel Printer, 12 p. 
 
Reproduced from the originals of these testimonials which are in the State Library Reference 
Section and note gloves are required to be worn when handling the old documents.  The 
testimonials are reproduced as they illustrate an alternate perspective. 
 
 
TESTIMONIALS 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
113 Collins Street. 
3rd January, 1872 
 
Dear Sir, 
 
I have used the Hepburn Mineral Water for the last two years and find it a very agreeable, 
sparkling and refreshing beverage. I have always recommended it to my patients and in 
suitable cases, it has always proved a most valuable agent 
 
I remain, Dear Sir, Yours truly, 
 
W Gillbee 
Hon. Surgeon to the Melbourne Hospital 
 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
"Belvedere House" 
Daylesford 
8 May 1889 
 
Dear Sir, 
 
I have much pleasure in giving my testimony to the benefits to be derived from the Mineral 
Baths and Waters of Daylesford and Hepburn. Ten years ago I suffered from rheumatoid 
arthritis and had to be lifted into bed and out. Doctors and Patent Medicines did not do me 
any good. In fact the doctor told me I should never get better, as I am an old man, and that 
there was a million pounds waiting for any doctor who could cure me. I was told to come to 
Daylesford and drink nothing but mineral water and to have a hot mineral bath every other 
morning. I have followed this up, with the result after six weeks I was almost cured, and free 
from pain from the first week or so. I am firmly convinced of the wonderful curing properties 
of this water.  
 
(signed) 
Fredrick Tateson 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
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~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
July 1871 
To the Secretary of the Hepburn Mineral Spring Water Company 
 
Sir, In answer to your request for my professional opinion of the Hepburn Mineral Spring 
Water, I may state that as early as the year 1859, having had experience of its beneficial and 
medicinal qualities, I applied to the Board of Land and Works for a grant of the spring, as I 
had found it an excellent remedy in all cases of indigestion, flatulence, weakness or disorder 
of the stomach, sluggish liver and those complaints incidental to living in hot climates, and a 
pleasant and invigorating tonic, as well as a cooling drink, during the enervating months of 
the year. 
 
(Signed) 
Samuel Smith 
M.R.C.S.E., etc 
Late Resident Surgeon, 
Kyneton Hospital 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
Collins St Melbourne 
 
In cases of torpidity of the liver, accompanied with Dyspepsia, or Irregular Heart action, so 
common amongst the meat-eating and alcohol consuming community, I have constantly 
prescribed the Hepburn water with the best results. 
 
Henry O'Hara FRCS, L. 
Senior Hon Surgeon 
Alfred Hosp Melbourne 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
Oct 29, 1927 
 
After having travelled in 45 different counties of the world, and having seen most of the 
famous springs, both hot and cold, I unhesitatingly say that Hepburn Springs are superior to 
most of them, in native beauty, invigorating force, and curative power. 
 
Dr A McKenzie Meldrum 
Spokane Washington USA 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
Alfred Place, 
Victoria Street 
19 th January 1872 
 
Sir, I regard the Hepburn Mineral Water as a very refreshing and not unpalatable beverage 
in warm weather. From its chemical composition, it is antacid and likely to prove useful 
medicinally in cases of Dyspepsia accompanied with acidity and a tendency to diarrhoea. 
 
I am, Sir, Yours, etc., 
James Robertson, M.D. 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
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~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
622 Doveton St Nth 
Ballarat 
17 September 1889 
 
I have been suffering from kidney trouble and Neuritis, the latter for six months, and the 
former for six weeks. I experienced considerable relief from the former with one week's 
treatment of hot baths and hydro massage. I consider the latter method an entirely new, 
original and curatively effective one, and the attendant is deserving of praise for his attention 
and willingness. 
 
(Signed) 
James Barry 
 
~ ~ ~ ~ o0o ~ ~ ~ ~ 
 
Appendix 02.02 Location and list of known Mineral Springs and Sources. 
 
The spring numbering system follows that of the Geological Survey of 1912, numbering from the 
north, in more recently numbered springs sequential series has been adopted.  In spring reserves a 
decimal notation has been adopted, as a VMWC number.  Many springs have several names and also 
have more than one groundwater database number.  The GDB or GMS1 number is not a unique 
identifier, and this has led to considerable confusion in the Regional Water Authority. 
 
EASTING 
55 
NORTHING 
55 
MS 
No old 
MS 
VMWC 
No 
Common Name Parish BORE GWDB 
Nos 
236500 5890800 1 1.1 Newstead Tarrengower  
232669 5891458 2 2.1 Joyce's Creek Lauriston 8007 75079
276270 5887050 3 3.1 Turpin Falls (1) Emberton 8005 62700
276080 5886750 3A 3.2 Turpin Falls (2) Emberton 8004 62699
275310 5886980 4 4.1 Black Creek Emberton 8003 62698
240970 5883180 5 5.1 Yandoit (CA 4G) Yandoit  
241020 5883120 6 6.1 Yandoit (CA 4H) Yandoit  
241400 5882960  6.2 Pick Pocket Workings Yandoit  
243670 5885810  6.3 Steele's Pioneer Mine Yandoit  
240074 5885759  6.4 Strangway 10007 Strangway  
239250 5888370  6.5 Strangway 15004 Strangway  
252470 5883490 7F 7.1 Vaughan (1) (Jim Paull) Fryers 8001 63946
252480 5883360 7G 7.2 Vaughan (2) (Lawsons) Fryers 8002 63947
252810 5883290 7E 7.3 Vaughan (3) (Swimming Pool) Fryers  
253080 5883270 7D 7.4 Vaughan (4) (Central No. 1) Fryers  
253290 5883330  7.5 Vaughan (5) (Central No. 2) Fryers  
253250 5883290 7C 7.6 Vaughan (6) Fryers  
253380 5883460 7B 7.7 Vaughan (7) Fryers 8005 63950
253950 5883080 7A(N) 7.8 Vaughan (8) (Glen Luce) Fryers 8003 63948
253960 5883080 7A(S) 7.9 Vaughan (9) (Glen Luce) Fryers 8004 63949
257600 5880600 8 8.1 Stony Creek (Fryers) Fryers  
246050 5876700 9 9.1 Limestone Creek (Gilmore's) Yandoit 8001 106934
246000 5876700  9.2 LC  MW bore 10003 Yandoit 10003 106937
246000 5876700  9.3 LC  MW bore 10004 Yandoit 10004 106938
246000 5876700  9.4 LC  MW bore 10005 Yandoit 10005 106939
246040 5876540  9.5 LC  MW bore 10006 Yandoit 10006 106940
246120 5876540  9.6 LC  MW bore 10007 Yandoit 10007 106941
246060 5876560  9.7 LC  MW bore 10008 Yandoit 10008 106942
270990 5875695 10 10.1 Boggy Creek (1) rotunda 
(Lauriston 1) 
Lauriston 1, 8006 312378, 
75078
270995 5875693  10.2 Boggy Creek new rotunda bore Lauriston BCL 
270980 5875690  10.3 Shire bore in Reserve (N) 
Lauriston 10094 
Lauriston 10094 75173
271015 5875590  10.4 Boggy Creek Hand pump 
Lauriston 10093 (replaced in 
2003) 
Lauriston 10093, 
8005 
75172, 
75077
271005 5875580  10.5 Boggy Creek Bottling bore Lauriston 8007, 
8008 
75079, 
75080
247250 5874090 11 11.1 Murphy's  (Franklinford) Franklin 8004 63754
274320 5873440 12 12.1 Kyneton MS 12 Lauriston  
270630 5871420 13 13.1 Upper Coliban Reservoir Lauriston  
270490 5870800 14 14.1 Upper Coliban Reservoir Tylden  
272760 5869840 15 15.1 Tylden Springs (in gully) Tylden  
272760 5869800 92 15.2 Tylden (2 Bore at Roadside) Tylden 8001 97336
245323 5869609 16 16.1 Lithia (Elevated Plains Soda) Franklin  
245980 5869180 17 17.1 Dry Diggings  (1) Franklin 8001 63751
                                                     
1 GMS – The randon number of the Groundwater Management System and Groundwater DataBase post date the 
geographically bases Geological Survey Parish and bore number system.  Idiosyncracies of the 
implementation mean duplication is an issue. 
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EASTING 
55 
NORTHING 
55 
MS 
No old 
MS 
VMWC 
No 
Common Name Parish BORE GWDB 
Nos 
245990 5869190 17A 17.2 Dry Diggings  (2) Franklin 8002 63752
246130 5869210 18 17.3 Dry Diggings  (3) Franklin 8003 63753
256050 5869350 19 19.1 Glenlyon (Veletti) Glenlyon 8004 65276
252200 5868590 20 20.1 Woolnough's Crossing  (1) Glenlyon 8005 65277
252170 5868530 21 20.2 Woolnough's Crossing  (2) Glenlyon  
252030 5868360 22 20.3 Woolnough's Crossing  (3) Glenlyon  
251690 5868220 23 20.4 Woolnough's Crossing  (4) Glenlyon  
252240 5868610  20.5 Woolnough's Crossing  (5) 
Boltons MW bore 
Glenlyon 10011 65291
256450 5868380 24 24.1 Glenlyon Recreation Reserve 
(1) Hand Pump 
Glenlyon 8002 65274
256450 5868405 24.2 24.2 Glenlyon Recreation Reserve 
(2) Taurina Mineral Water Bore
Glenlyon 10020 65300
256440 5868390 24.1 24.3 Glenlyon Recreation Reserve 
(3) Glenlyon 4 Spurt bore 
Glenlyon 8006 65278
242120 5867820 25 25.1 Boots Gully  (Hendersons) Wombat 8021 104135
241870 5867390 26 26.1 Tucker Point (Basalt) Wombat 8022 104136
246443 5866854  27.1 Hepburn (01) Emergency Bore Wombat  15031 104268 
246450 5866665  27.2 Hepburn (02)  Soda Wombat  
246515 5866606 27 27.3 Hepburn (03)  Pavilion pump Wombat  
246520 5866606  27.4 Hepburn (04)  Main, Pavilion, 
bottling plant cellar 
Wombat  
246566 5866564  27.5 Hepburn (05)  Locarno Wombat 8012 104126
246678 5866488  27.6 Hepburn (06)  Sulphur Wombat 8020 104134
246774 5866496  27.7 Hepburn (07)  Wyuna Eye Wombat  
246774 5866501 28 27.8 Hepburn (08)  Wyuna pump 
Replaced in 2003 
Wombat 8013 104127
246784 5866481 29 27.9 Hepburn (09) Wombat  
246804 5866466 30 27.10 Hepburn (10) Wombat  
247730 5866290 31 27.11 Hepburn (11)  Argyle (1) Wombat  
247760 5866410  27.12 Hepburn (12)  Argyle (2) Wombat  
246860 5865190  27.13 Hepburn (13)  Victory Tunnel Wombat  
253500 5866720 32 32.1 Gooches (Kangaroo Creek) Glenlyon  
253390 5866340  32.2 Neville and Cooks Mineral 
Water bore 
Glenlyon 10026 65306
253390 5866220  32.3 Wheatsheaf Mineral Water bore Wombat 10054 104204
243500 5865390 33 33.1 Bald Hill Wombat  
256390 5864800 34 34.1 Loddon River (Glenlyon Forest) Glenlyon  
244560 5864040 35 35.1 Fairy Dell Wombat 8030 104144
244720 5863590 36 36.1 Tipperary Trench (dual pipes) Wombat 8019 104133
244780 5863610 36.1 36.2 Tipperary Bore  - Wombat 
10043 
Wombat 10043 104193
244750 5863600  36.3 Tipperary Bore  - New Bore 
2001 
Wombat BCL 
240390 5862730 37 38.1 Deep Creek (1) Brandy Hot 
Spring 
Bullarook 8025 104139
240470 5862800 94 38.2 Deep Creek (2) McGuiness 
Spring 
Wombat  
240570 5862320 93 38.3 Deep Creek (3) Tala Spring Wombat  
240730 5862180 38 38.4 Deep Creek (4) Crystal or Deep 
Creek Spring 
Wombat 8018 104132
245768 5862443 41 42.1 Central (1) Sutton (trench) Wombat 8036 104150
245813 5862481  42.2 Central (2) Sutton (bore with 
hand pump N) 
Wombat  
245811 5862475  42.3 Central (3) Sutton (bore with 
hand pump S) 
Wombat  
245830 5862590  42.4 Central (4) Sutton (seep N of 
hand pumps) 
Wombat  
245753 5862630  42.5 Central (4a) Table Hill bore Wombat 59 
245968 5862364 99 42.5 Central (5) Wagga Wombat 8011 104125
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EASTING 
55 
NORTHING 
55 
MS 
No old 
MS 
VMWC 
No 
Common Name Parish BORE GWDB 
Nos 
246009 5862300 42 42.6 Central (6) Central - Hard Hills 
(Trench E pipe) 
Wombat 8017 104131
246009 5862300 42 42.7 Central (7) Central - Hard Hills 
(Trench S pipe) 
Wombat  
246072 5862262  42.8 Central (8) Central Spring hand 
pump south 
Wombat 16 
246074 5862275  42.9 Central (9) Central Spring hand 
pump center abandoned 
Wombat 14 
246074 5862283  42.10 Central (10) Central Spring 
hand pump north 
Wombat 15 
246510 5862500 39 42.11 Central (11) Leggatt north Wombat  
246520 5862340 40 42.12 Central (12) Leggatt south Wombat  
257790 5862360 43 43.1 Coliban (Ord's) Coliban  
257820 5862280 43.1 43.1 Brigg's (Foster 1930) Coliban  
242580 5861550 44 44.1 Golden (1) Wattle (Eganstown) Wombat 8033 104147
242600 5861570 44A 44.2 Golden (2) Point Wombat  
241440 5861380 45 45.1 Corinella Wombat 8023 104137
244860 5861420 46.1 46.1 Sailors Flat (1) Spring Wombat 8029 104143
245100 5861300 46.2 46.2 Sailors Flat (2) mineral water 
bore 
WOMBAT 10051 104201
244570 5861610 46.3 46.3 Sailors Flat (3) mineral water 
bore 
WOMBAT 10052 104202
244830 5861720 46.4 46.4 Sailors Flat (4) mineral water 
bore 
WOMBAT 10053 104203
241150 5860800 47 47.1 Eganstown - Belfast Gully Wombat 8034 104148
244880 5861010 48 48.1 Sailors Creek (north) Wombat  
252400 5861400 49 49.1 Leitches Creek (1) pit spring Glenlyon 8003 65275
252395 5861390 49 49.2 Leitches Creek (2) bore and 
hand pump 
Glenlyon  
244300 5860620 50 50.1 Bagnall's Wombat 8026 104140
247920 5860220 51 51.1 Jubilee Lake (Soda) Wombat  
247910 5860230 51 51.2 Jubilee Lake (Soda New Bore 
2002) 
Wombat  
257650 5860790 52 52.1 Lyonville (01) Bullarto  
257700 5860600 53.1 53.2 Lyonville (02) On Fosters Map Bullarto  
257730 5860540 53.2 53.3 Lyonville (03) trench Bullarto 8004 52553
257690 5860520 53.3 53.4 Lyonville (04) hand pump in 
rotunda 
Bullarto  
257680 5860530 54 54.5 Lyonville (05) Bullarto  
257700 5860440 55 55.6 Lyonville (06) (site of Old MS) Bullarto  
257760 5860150 56 56.7 Lyonville (07) (Pound Paddock) Bullarto  
257590 5860200 56A 56.8 Lyonville (08) Bullarto  
257540 5860080 56B 56.9 Lyonville (09) Bullarto  
257000 5859100 57 57.10 Lyonville (10) (Township) Bullarto 8005 52554
244170 5859690 58 58.1 Old Tom Creek (Sailors Creek) Wombat  
253050 5858390 59 59.1 Bullarto Bullarto 8006 52555
244820 5857920 60A(E
) 
60.1 Sailors Falls (1) Wishing Well 
(hand pump) 
Wombat 8015 104129
244810 5857930 60B(
W) 
60.2 Sailors Falls (2) trench Wombat  
244980 5857180 61 61.1 Muirs Wombat 8027 104141
245090 5856830 62 62.1 Muirs Bottling Spring Wombat 8028 104142
244530 5856530 63 63.1 Sailors Creek (south) Wombat  
262110 5849350 64C 64.3 Blackwood (3) undeveloped Blackwood  
262350 5849830 64D 64.4 Blackwood (4) Magnesia 
upstream undeveloped 
Blackwood  
262380 5849400 64B 64.2 Blackwood (2) northern across 
the bridge 
Blackwood 8001 50249
262280 5849330 64A 64.1 Blackwood (1) Soda or south in 
reserve 
Blackwood 8002 50250
260240 5849150 64E 64.5 Blackwood (5) Simmons Reef Blackwood  
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EASTING 
55 
NORTHING 
55 
MS 
No old 
MS 
VMWC 
No 
Common Name Parish BORE GWDB 
Nos 
246710 5846630 65 68.1 Spargo Creek (1) Dry Korweinguboora  
246725 5846600 66 68.2 Spargo Creek (2) Dry Korweinguboora  
246750 5846570 67 68.3 Spargo Creek (3) seep Korweinguboora  
246840 5846530 68 68.4 Spargo Creek (4) Old rotunda 
spring 
Korweinguboora 8003 73374
249000 5846540 69 69.1 Werribee River Korweinguboora  
248498 5846881 69.1 69.2 Werribee River - SandGlen MW 
bore 
Korweinguboora 10010 73385
247980 5844650 70A 70.1 Gunssers (1) Causeway Moorabool West  
248150 5844590 70 70.2 Gunssers (2) Bottling Spring Moorabool West 8001 73372
248110 5844480 71 70.3 Gunssers (3)  Moorabool West  
248090 5843920 72 70.4 Gunssers (4) undeveloped Moorabool West  
320860 5844100 73 73.1 Donnybrook (1) Kalkallo 8003 68753
320860 5844100 73 73.2 Donnybrook (2) bore drilled in 
1980 
Kalkallo  
321607 5844199 73 73.3 Donnybrook (3) Kalkallo 10054 68839
321200 5846050 73A 73.4 Donnybrook (4) Merriang  
278420 5833340 74 74.1 Coimadai Merrimu  
233327 5819803 75 75.1 Clarendon (1) Clarendon 8001 55318
233350 5819795 75A 75.2 Clarendon (2) Clarendon  
233327 5819803 95 75.1 Cantlon same as MS 75 Clarendon  
269890 5774500 76 76.1 Geelong  (1) Corio  
269875 5774500 77 77.2 Geelong  (2) Corio  
269850 5774500 78 78.3 Geelong  (3) Corio  
269850 5774480  78.4 Geelong  (4) bore 20 m south of 
spring 
Corio  
269700 5774450  78.5 Geelong  (5) bore near Eastern 
Beach sea bath 
Corio  
286550 5774200 79 79.1 Clifton Springs (1) Bellarine  
286480 5774200 80 80.2 Clifton Springs (2) Bellarine 8013 48849
286400 5774200 81 81.3 Clifton Springs (3) Bellarine 8010 48846
286300 5774200 82 82.4 Clifton Springs (4) Bellarine 8012 48848
286400 5774300 82.1 82.5 Clifton Springs (5) - Shire test 
bore 
Bellarine 10025 48875
335720 5775060 83 83.1 Frankston (1) Frankston  
335770 5775060 84 83.2 Frankston (2) Frankston  
208275 5702457 85 85.1 Krambruk Krambruk  
431900 5965800 86 86.1 Warby Glenrowan  
11364 5749508 87 87.1 Johnstones - Mt Richmond Trewalla  
11483 5752857 87.1 87.2 Mt Richmond National Park 
bore 
Mouzie 1 81998
14175 5753428 87.2 87.3 Mt Richmond National Park 
bore 
Mouzie 8011 82011
435700 5905100 88A 88.1 Barragunda Dueran East  
433498 5905272 88B 88.2 Merrijig Dueran East 8001 61621
485320 5981080 89 89.1 Yackandandah (Molyneux) Yackandandah  
364800 5900600 90 90.1 Dropmore (1) Dropmore 8001 61088
352500 5865820 91A 91.1 Flowerdale (1) Break O' Day (1) Flowerdale 8001 63605
352500 5865660 91B 91.2 Flowerdale (2) Break O' Day (2) Flowerdale 8002 63606
348400 5865900 91C 91.3 Flowerdale (3) King Parrot Flowerdale 8003 63607
478550 5955670 96 96.1 The Salt Lick Barwidgee  
245560 5867560 97 97.1 Liberty Wombat  
246260 5867330 98 98.1 Golden Wombat 8024 104138
264470 5886180 100 100.1 Taradale Taradale  
237680 5894700 101 101.1 Charlies Hope Mine Maldon  
239240 5901396  101.2 Bee Hive Shaft Maldon  
242500 5890210  101.3 Nuggety  Mine Maldon  
239100 5900998  101.4 Derby Mine Maldon  
237865 5893975  101.5 Welshmans Reef Maldon  
267320 5882290 102 102.1 Ellis at Ellis Falls Edgecombe  
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EASTING 
55 
NORTHING 
55 
MS 
No old 
MS 
VMWC 
No 
Common Name Parish BORE GWDB 
Nos 
252020 5833830 103 103.1 Ballan (1) - Shaws Spring 
(southern) 
Gorong 8001 66135
252020 5833860  103.2 Ballan (2) - Northern Spring   
252040 5833820  103.3 Ballan (3) - Ludol Mineral 
Water bore 
Gorong 10005 66140
276280 5845460 104 104.1 Goodmans  (Bullengarook) Bullengarook  
316727 5832605 105 105.1 Somerton S&D Bore Yuroke 8001 109418
255380 5872310 106 106.1 Walls Glenlyon  
252930 5859030 107 107.1 Baird's Bullarto 8007 52556
294900 5919200 109 109.1 Knowsley East Bore Knowsley East 10001 70950
248500 5846900 110 110.1 Kurrabri Park Korweinguboora 8002 73373
249470 5846070  111.1 Carrolls (1) Moorabool East  
249760 5845830 111 111.2 Carrolls (2) Hell Hole Gully Moorabool East  
251600 5842250 112 112.1 Hogans (1) Moorabool West  
251700 5842100 113 113.2 Hogans (2) Moorabool West  
252670 5841310 114 114.1 Frechot's Moorabool East  
246460 5857400 115 115.1 Shanahans Lane Wombat  
240314 5863273 116 116.1 Endacott Spring (at Ballarat 
Tunnel) 
Wombat  
244640 5868140 117 117.1 Jim Crow Junction Wombat  
243482 5834895  118.1 Gordon Source - Cottonwood 
Valley Holdings 
Kerrit Bareet 10007 70158 
242245 5835305  119.1 Black Hill P/L - Brian Carey Kerrit Bareet 10009 
 
 
 
Appendix 02.03 Inventory of Mineral Springs. 
 
The inventory of the occurrence of mineral springs in Victoria draws on files and archival material of 
the Mines, Lands and other Department of Natural Resources and Environment (now Sustainability 
and Environment) and their antecedents.  The inventory format follows the numbering system 
introduced by the Geological Survey in 1910 and documented in the Geological Survey Annual 
Report by the Director EJ Dunn. 
  
A number of earlier compilations have been assembled, but vary in detail and content.  The current 
document has the advantage of earlier compilations and the involvement of the author with the 
Victorian Mineral Water Committee and previous Mineral Springs Advisory Committee.  In addition 
the springs committees have encouraged the compilation and the writing of a history document (Anita 
Brady, 1997) and Masterplan for the management and upgrading of the spring reserves.   
 
Extracts from or the reproduction of the text from a number of Geological Survey unpublished reports 
and memoranda have been included in the current compilation.  In particular the text from a report by 
Dunn et al. 1912 (Geological Survey Unpublished Report1 1912/4) that discusses the controversial 
failure of the springs due to the impact of the mines that dewatered the Hepburn Mineral Springs.  It is 
surprising even perplexing that this report has not been drawn on in discussions on the mineral springs 
in the past 85 years.  The report provides clear and incisive information on the flow systems of the 
springs and illuminates the conflicts within the Mines Department common in a pluralistic 
bureaucracy.  The director of the Geological Survey and the Geologists advocated preservation of the 
springs and while the dewatering and dislocation of the springs by mining operations was supported 
by some of the Mines Department Mines Inspectors. 
 
The current inventory draws on and follows on from several earlier compilations but differs in detail 
including: Langtree (1889), Rulikowska (1961 manuscript, 1969), Esplan (1969), Laing (1981), Shugg 
(1996), Laing, Shugg, and Elder (1997).  The compilation also gathers together in a number of data bases 
with newly collected data on the spring flow, temperature and chemistry.  The oldest quantitative analysis 
of the mineral waters extant appears to be that of Dr Maund’s (1855), however Newbery (1867) inferred 
that a body of information already existed and that a number of qualitative analyses had been performed 
by the Geological Survey field geologists in the early 1850’s.  The search for early the analyses and 
important archival material is a ongoing process. 
 
References material cited: 
 
Esplan, W.A., 1969. Evidence of the Department of Mines. State Development Committee on The 
Mineral Water Resources of the State of Victoria. Geological Survey of Victoria.  
Transcripts of the SDC 1969. 
 
Compilation of analyses and description of a number of key mineral 
springs, presented in evidence to the State Development Committee. 
 
Laing A.C.M., 1981. Mineral Waters of Victoria. Geological Survey of Victoria Unpublished Report 
1981/69. 91 p. 
 
                                                     
1  The geologists reports of  the Geological Survey were placed into an open file Unpublished Report Series.  These 
documents can be viewed and copied and are available on microfische at the DNRE Mineral Resources Library.  The UR 
series dates from the 1850’s.  It is a source of valuable information that might otherwise have been lost in the pages of 
Departmental files.   
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A compilation and summary of description of the mineral springs that 
includes the water analyses collected by Colin Laing in the period 1978-
1980. 
 
Laing, A.C.M., Shugg, A. and Elder, G., 1997. Mineral Springs of Victoria, Hydrogeological Archival 
Material.  Department of Natural Resources and Environment  Groundwater Report No. 75, 
Compiled by Laing, with additions by G. Elder and A. Shugg.  ISSN 1328-4495. circa 1000 
p. 
 
Historical and archival material including maps, diagrams, analyses, 
memoranda  and correspondence.  
 
Langtree, C.W., 1889.  The Mineral Springs of Victoria.  Extract from the Annual Report of the 
Secretary for Mines on the Mineral Statistics for 1887.  Department of Mines and Water 
Supply March 1888. Robert S. Brain Government Printer. 28 p. 
 
Summary of the mineral springs and the development of the springs 
 
Rulikowska, L., 1969.  Mineral Springs of Victoria. Geological Survey of Victoria. Underground Water 
Investigation Report 13. (an earlier draft version dated 1961 was also referred to). 52p. 
 
A listing of the mineral springs based on the annual report of 1910, Mines 
Department archival material, and the field notes of the geologists 
Baragwanath Ferguson, Foster and others.  The spring flow readings were 
based on 1905-1906 readings made be the aforesaid geologists.  No new field 
data was collected for this compilation. 
 
Shugg, A., 1996.  Mineral and Spring Water Resource Protection Discussion Paper.  Department of 
Natural Resources and Environment, August 1996.  ISBN 0 7306 6189, 82 p. 
 
Lists the occurrence of mineral springs, including location and condition 
details.  Discusses spring flow systems and also the occurrence of high carbon 
dioxide waters in the Otway and Gippsland basins.  Identifies protection needs 
and suggests routes for action to be taken. 
 
Shugg, A.  1998. Mineral Springs Of Victoria, Hydrogeological References and Bibliography.   
Department of Natural Resources and Environment.  Groundwater Report 74, ISSN 1328-
4495. Jan 1998. 22 p. 
 
The bibliography lists the geological and hydrogeological literature from 
published and unpublished sources and maps relevant to the mineral springs of 
Central Victoria.  This document has been updated.  
 
The Mineral Spring Inventory accompanying this thesis consists of a series of Technical Papers that 
include detailed discussion under sub headings relating to: location, geology, hydrogeology, 
chemistry and historical use, failures and setting.  The inventory also includes a great number of 
historical and recent photographs.  These documents provide an important and original contribution to 
the understanding of the mineral springs.  The individual Technical Documents range in size from 3 – 
260 pages and have been placed on a CD ROM accompanying the body of the Thesis.  
 
File 
Argyle MS 31 v09.pdf 
Bagnalls MS 50 v09.pdf 
Shugg 2004; Appendix 02.03  Inventory of Victorian Mineral Springs 3
File 
Baird MS 107 v09.pdf 
Bald Hill MS33 v09.pdf 
Ballan Shaws MS103 v09.pdf 
Barrangunda DueranE_MS 88A108 v11.pdf 
Black Creek MS4 v09.pdf 
Black Rock Springs v09.pdf 
Blackwood MS 64 v12.pdf 
Bullarto MS 59 v09.pdf 
Bullengarook Goodmans MS 104 v09.pdf 
Carrols & Hell Hole MS111 and 111B v09.pdf 
Charlies Hope MS 101 v10.pdf 
Clarendon MS 75 Cantlon MS95 v09.pdf 
Clifton Springs MS79 v15.pdf 
Coimadai MS 74 v09.pdf 
Coliban MS 13-14 v09.pdf 
Coliban Ords MS43 v09.pdf 
Creswick Springs.pdf 
CSR Hard Hills Central MS 42 v11.pdf 
CSR Leggetts MS 39_40 v11.pdf 
CSR Sutton MS 41  v13.pdf 
CSR Sutton MS 41  v14.pdf 
CSR Wagga MS99 v09.pdf 
De Aquis Mineralibus.pdf 
Deep Creek Brandy Hot MS 37 v09.pdf 
Deep Creek Corinella MS 45 v09.pdf 
Deep Creek Crystal MS 38 v10.pdf 
Deep Creek Tala McGuiness MS 93-94 v09.pdf 
Donnybrook MS 73 v09.pdf 
Dropmore MS 90 v09.pdf 
Dry Diggings MS 17 v09.pdf 
Eganstown Belfast MS47 v02.pdf 
Ellis Falls MS 102 v09.pdf 
Flowerdale MS 91 v10.pdf 
Frankston MS 83 v09.pdf 
Frichot's MS 114 v09.pdf 
Geelong MS 76-78 v40.pdf 
Gilmore Limestone Creek MS 9 v10.pdf 
Glenlyon Forest MS 34 v09.pdf 
Glenlyon Recreation Res MS24 v43.pdf 
Glenlyon Veletti MS 19 v09.pdf 
Golden MS 98 v09.pdf 
Golden Wattle MS 44_44A v09.pdf 
Gooches MS 32 v09.pdf 
Gunssers MS 70-72  v09.pdf 
Hendersons Boots Gully MS 25 v09.pdf 
Hepburn Appendix templates for hepburn.pdf 
Hepburn MS 27-31  v64.pdf 
Hogans MS 111 v09.pdf 
Johnstone MS 87 v09.pdf 
Joyces Creek MS2 v09.pdf 
Jubilee Lake MS 51 v10.pdf 
Knowsley East MS 109 v09.pdf 
Krambruk MS 85 v09.pdf 
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File 
Kurrabri Park MS 110 v09.pdf 
Kyneton Boggy Creek_MS 10 v43.pdf 
Kyneton MS 12 v09.pdf 
Leitches Creek MS 49 v10.pdf 
Liberty MS 97 v10.pdf 
Lithia MS 16 v35.pdf 
Lyonville MS_MS 52-57 v32.pdf 
Maldon Township and Mines MS v09.pdf 
Meredith Mineral Spring v02.pdf 
Muirs Boon Spa MS 61-62 v09.pdf 
Murphys MS 11 v09.pdf 
Newstead MS1 v09.pdf 
Old Tom MS 58 v09.pdf 
Otway Basin v09.pdf 
Sailors Creek MS 48 & 63 v09.pdf 
Sailors Falls MS 60 v09.pdf 
Sailors Flat MS 46 v09.pdf 
Salt Lick MS 96 v09.pdf 
Shannahan Lane v09.pdf 
Somerton MS 105 v09.pdf 
Spargo Creek MS 65-68 v09.pdf 
Springs from Dykes.pdf 
Stony Creek Fryers MS 8 v09.pdf 
Taradale MS 100 v10.pdf 
Tipperary Fairy Dell MS 35-36 v09.pdf 
Tucker Point MS26 v09.pdf 
Turpin Falls MS 3 v09.pdf 
Tylden MS 15&92 v09.pdf 
Uncertainty GSV memo of 1910.pdf 
Vaughan Glen Luce MS 7 v32.pdf 
Walls MS 106 v09.pdf 
Warby MS 86 v10.pdf 
Werribee River Unnamed Carrolls Track MS 69 v09.pdf 
Woolnoughs Crossing MS 20 v09.pdf 
Yackandanda MS 89 v19.pdf 
Yandoit MS 5-6 v09.pdf 
 
 
 
 
 
Figure 1. Extract from the Mines Department map (Dunn, 1910) of the mineral spring 
locations.  
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Appendix 02.04 Chronological List of Previous Investigations 
 
Acknowledgments are due to delvers into the history of the mineral springs in recent years including 
Colin Laing, Anita Brady, Les Semple, Barry Files and David Endacott who have contributed or 
assisted in some way.  The compilation below follows a hydrogeological perspective.  For recent 
works the minutes and business plan of the VMWC should be consulted.  
 
Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Field geologists 
GSV 
1854 Qualitative examination of the composition of the mineral waters. 
Maund 1855 Government Analyst – Mines Department - Geological Survey reported on the 
chemical composition of Mineral Waters from the Central Victoria Mineral Springs 
district. 
Bottlers 1864 Further the land surrounding the Ballan Spring was in this year leased by a Melbourne 
company for the purpose of bottling as seltzer or seidlitz water. 
Hepburn 1867 Hepburn Mineral Spring Reserve was established and a lease for mineral water bottling 
was taken out in the reserve. 
Newbery 1867 Government Analyst reported on the mineral waters of Victoria and placed them into 6 
classes.  Differentiation was made between the waters of Hepburn - Daylesford and 
those of Ballan - Glenlyon, the later contain "carbonate of soda in excess".  He 
published several analyses in 1867, and referred to earlier qualitative water analyses.  
Newbery, recognised the role of weathering of silicate minerals in determining the 
composition of the waters.  He drew special attention to the mine waters from the 
Maldon area that had high potassium concentrations, concluding that these waters 
gained potassium during their ascent through granitic rocks.  The Ballan Spring, MS 68 
(at Spargo Creek), was reported on by Richard Daintree, ie. before 1864. 
Clifton Springs 1870 Bath house and bottling plant and long pier were established at Clifton Springs. It 
became a popular destination by steamer from Melbourne. 
Krause 1878 Description of the Daylesford goldfield structure and the occurrence of fault systems.  
Described the reefs mineralisation dimensions, dips and contractions.  In view of 
Krause’s accounts many of the Reef names changed in usage over time, eg. Wombat 
Hill Reef was the same as the Hepburn Reef and the Frenchmans Reef.   
Dunn (F.) 1887 Presented analyses of mineral waters from several of the springs. 
Langtree 1889 The Mineral Springs of Victoria.  Extract from the Annual Report of the Secretary for 
Mines on the Mineral Statistics for 1887.  Reiteration of the spring water quality and 
the reports of Geological Survey. 
Hepburn 1890 Bath house established at Hepburn. 
Amos 1890 History of the Daylesford goldfield including the mapping and structure in mines 
 
A resurgence of mining in the 1880 – 1900 period with deep reef mining being 
dominant. 
Hepburn 1890 Bath house established in the Hepburn reserve. 
Amos 1890 History of the Daylesford Goldfield. 
Taylor 1894 The geological quarter sheet to the south of Hepburn, 16SE was published and 
recorded the location of numerous mineral springs 
Hunter 1896 The geological quarter sheet to the north of Daylesford, 16NE was published and it 
included the location of numerous mineral springs.  He was involved with the 
restoration work carried out on several springs. 
Dunn, Fredrick 1887 Chief Analyst Government, Geological Survey of Victoria reported on analyses of 
spring waters, with special attention to the Mineral Springs of the Bellarine Peninsula 
at Geelong and Clifton Springs. 
Ferguson 1909 Compiled information on the springs and located many of the smaller springs listed on 
the Geological Surveys Map published with the annual report of 1910. 
Dunn, E.J. 1909 Described springs, the impact of forest clearing resulting in reduction of flow of the 
springs and drying of creeks and streams and recommended protection. 
Dunn, E.J. 1911 Mapped the springs and recognised that clearing of trees in the vicinity had diminished 
the spring flow. Noted the occurrence of mineral water in some of the mines, and that 
the main springs were located along major fracture lines. 
Dunn E.J. et al. 1912 Described the events leading to the mine dewatering of the springs.  Hallmark report, 
and may be considered Rosetta Stone of the Hepburn mineral springs. 
 
Suggested the causes and remedial action; such as closing the North Frenchmans and 
Frenchmans Reef Mines. 
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Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Dunn, E.J. 1912 Recommended that mineral spring reserves be created, drew attention to their 
commercial value and that a board should be set up to oversee the spring reserves.  
This resulted in the Mineral Springs Act 1912 and the Mineral Springs Committee 
being formed.  These were later incorporated in the Land Act 1958.  The Geological 
Survey produced a numbering system for the Mineral Springs of Victoria MS 1 - 86. 
Skeats 1914 Reported, on the dewatering of the springs due to mining activities, the Bulletin was 
published 1914, works commenced as early as 1911.  Skeats noted the relationship 
between the springs and major fault fissures of the gold-field.  Recognised that the 
carbon dioxide was due to oxidation and weathering of the mineralised carbonaceous 
Ordovician shales and slates.  Analyses of the Mineral Water from the Frenchmans 
Mine were compared with nearby spring waters. 
 
Attributed the dewatering of Hepburn spring to Frenchmans and North Frenchmans 
mines.  Skeats with Minister McLeod were involved with the bottling plant at 
Hepburn, that was also competing for mineral water from the reserve with “the Mines”, 
the Bath House and the public. 
State Parliament 1912 Enforced closure of North Frenchmans Mine, and Mineral Springs Act 1912 
Horsfall 1914 The Borough Engineer and Town Clerk noted that the occurrence of the springs was 
from quartz reefs and leaders,1 and that the lineation of the reefs was 10o – 20o west of 
north.  Identified a structural continuity existed between the Hepburn Spring and 
Frenchmans Reef Mine.  Some of the miners suggested that the Frenchmans Reef 
fissure passed just to the west of the Pavilion. 
Whitelaw and 
Baragwanath 
1914 In “Some Mines at Daylesford” they described water and mineral water occurrence in 
several mines and the dewatering requirements of some of the Cornish Line of mines.  
Mineral water was noted in North Cornish mine in fissures on the 250 m (835’) level.  
They recognised the significance of the Cornish line.  The structure of the Hepburn 
Anticline was continued south through Daylesford – Cornish Hill – Jubilee Lake – 
New Specimen Hill mine and associated belt of slates favourable beds. Discussed the 
morphology, displacement and repetition of the reefs and the bifurcation of the Cornish 
Reef.  Gold mineralisation was associated with the Cornish Slates 60’ beds, Rising 
Star, William Tell and Ajax beds.  They noted that the White Hills mine was closed 
because of carbonic acid. 
Whitelaw and 
Baragwanath 
1923 Described in detail the Daylesford Gold Field and pointed out that the springs were 
associated with deep fissures.  The auriferous quartz lodes were restricted to portions 
of the rock mass where the faults cut across the bedding.  This was generally on the 
east limb of the anticline.  The major fissure systems corresponded with the line of 
lodes.  They considered that groundwater movement on the fissures may be impeded 
by dykes, which are numerous in the field.  The main contribution of Baragwanath and 
Whitelaw was however to the geology and detained underground mapping of the gold 
field.  With due acknowledgment, it is upon this base that an understanding of the 
occurrence of the Mineral Springs may be built.  In regard to the local folk lore 
regarding the occurrence of the mineral springs Baragwanath and Whitelaw expressed 
the following opinion in 1923; 
 
Mines had intercepted the Hepburn spring source on at least two occasions, once by the 
White Hills Reef 1870 and then by Frenchmans Reef mine in 1910-1914. 
 
"the opinion amongst miners that the springs are an active after-effect of volcanic 
activity; that their source is deep seated; and this view was generally held, locally at 
any rate, until the publication of Professor Skeats' (1914) report in which reasons are 
given for the belief that they have meteoric origin: are in fact, rain waters which sank 
into the porous sandstones, and in their passage underground along faults to their 
outlets in the gullies, dissolve the mineral substances, and collect the gas, which give 
them their supposed medicinal value." 
Watson 1929 Measured the radioactivity of a number of the Mineral Spring waters near Daylesford 
and Eganstown. 
Baragwanath 1926-
1937 
Conducted and reported on spring investigations in the Daylesford Region.  In 
particular as the Director of the Geological Survey he supported the preservation of 
Mineral Spring Reserves at Vaughan - Glen Luce in the 1930's when alluvial miners 
petitioned parliament to allow mining in the reserve. 
Urquhart and 
Hamilton 
1958 Measured the radon content in the spring waters, the Lyonville springs had the highest 
levels. 
                                                     
1  Leader is a continuation of a fault or parting in the rock mass down the dip. 
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Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Rulikowska 1961 & 
1969 
Compiled an inventory of the Mineral Springs of Victoria, adopting the Geological 
Surveys numbering system. The inventory was published in 1969 by the Geological 
Survey of Victoria.  It includes data on the spring location, condition and water quality, 
but drew attention to the uncertainty associated with some of the observations. 
 
Users are cautioned that these documents may provide some confusion, as reference to 
old data is inconsistent.  Kenley and Esplan of the Geological Survey drew attention to 
this in their submission to the State Development Inquiry. 
Lawrence 1964 Reported on the contamination of several of the Mineral Springs by septic tank waste 
and also suggested that the weathering of carbonaceous Ordovician sediments was the 
origin of the carbon dioxide. 
Thompson 1966 Quantified aquifer properties using pump tests at Central and Sutton Springs. 
McLaughlan and 
Macumber, J. 
1968 Performed chemical analyses on the springs waters in the district and concluded that 
the carbon dioxide levels were due to the weathering of the carbonaceous Ordovician 
sediments. 
Esplan and 
Kenley 
1969 Provided Mines Department evidence to the State Development Committee Mineral 
Spa Waters of Victoria.  Provided a listing of analyses and discussed the location, 
status, protection and distribution of the springs. 
Lawrence 1969 Described the hydrogeology of the Daylesford area and the mineral springs.  Detailed 
the groundwater chemistry in the Daylesford Region; including the Tertiary Basalt 
waters and the Ordovician minerals waters and postulated that the carbon dioxide was 
a derived from the dormant Tertiary Volcanism.  Observed the levels of free carbon 
dioxide in the basalts and the Ordovician bedrock groundwater systems.  Drew 
attention to the nitrate levels in the basalt waters. 
Reported on the Mineral Spa Waters Resources of Victoria to the State Parliament. 
Summary of the recommendations of State Development Committee into Mineral Spa 
Water Resources of Victoria 1970.  The committee made specific recommendations 
that related to; 
 Investigations and studies 
 Upgrading of reserves 
 Regular Sampling and monitoring 
 Mineral Spring Reserves and desirability of proclaiming new reserves 
 Commercial Development of Mineral Water 
 Mineral Spa Therapy Establishment 
Investigations and studies 
 Update data on the mineral springs resources. 
 Mines Department to investigate the full potential of the area. 
 Prepare a complete inventory of names of the Mineral Springs.  By the 
Mines Department and the Department of Crown Land and Survey. 
 
Upgrading of Reserves 
3. Spring fittings should be fabricated of non-corrosive materials. 
4. Investigate installation of vending machines for dispensing mineral water 
collection containers. 
6. Notice boards at Mineral Springs to display the composition of the mineral 
waters. 
 
Regular Sampling and Monitoring 
7. Mineral waters be tested regularly for biological agents and other pollutants. 
State 
Development 
Committee 
1970 
Mineral Spring Reserves and desirability of proclaiming new Reserves 
8. That there be no alienation of crown land or reservations affording protection 
to the mineral springs which they encompass. 
9. In cases where mineral springs are located on crown land and not reserved 
for such examine the feasibility of and desirability of reserving the crown land for 
mineral springs. 
10. Re examine the regulations for the care protection and management of the 
reserves encompassing the Mineral Springs, with a view to present day requirements. 
In part 12 of the Land Act 1958 revoke sections 385 to 398. 
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Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Commercial Development of Mineral Water 
12. Where future commercial development of Mineral Waters is envisaged, each 
proposal be treated on its own merits, with special legislation being necessary to 
provide for such development, as has been done in the past. 
13. That any future legislation authorising the commercial use of mineral water 
by private enterprise, be framed so as to provide for associated buildings to be sited on 
freehold land, and for mineral waters to be conveyed by pipe thereto. 
14. Hepburn Springs Land Act 1959 be amended to a similar provision to those 
recommended above in 13. 
15. That any proposals to secure sole rights to commercially use mineral waters 
be carefully examined. 
16. In the public interest the company at Hepburn Reserve transfer its bottling 
operations to public freehold land. 
17. Future mineral water bottling be on the basis of a fixed rental plus a payment 
of royalties according to volume of extraction. 
18. Marketing and labelling of mineral waters be regulated so that a clear 
distinction is made between natural mineral waters and artificially produced waters. 
 
Mineral Spa Therapy Establishment 
19. Government assistance be provided to the shire of Daylesford and Glenlyon 
to renovate, or rebuild the public baths within Hepburn Springs Reserve. 
20. If a spa therapy centre occurs, the control of the public reserve be vested in a 
committee of management, which shall have representatives of respective government 
departments and authorities. 
21. That if a modern spa therapy centre be established, some Government 
assistance be considered in areas of complementary development, eg. roading. 
22. Design of the therapy centre be closely examined by the appropriate 
authorities, to ensure that it does not detract from the environment in which it is 
situated. 
23. The Groundwater Act 1969 and the Mines Act 1958 be amended so that the 
reference to "mineral water" as being a "mineral" be deleted. 
24. That any proposal to build a spa therapy establishment be under the control 
of the Commission of Public Health. 
Lawrence 1971 Reported on the aquifer testing at Hepburn, Sutton and Kyneton Springs. 
Menadue 1972 Reported on aboriginal legends, drinking the water was either a taboo or a tonic 
depending on tribal membership.  One legend described how the kidnapped wife of a 
chief of the plains people escaped and sought refuge in a fissure in the rocks and then 
became a beautiful laughing babbling spring. 
 
He considered that the origin of the mineral waters was from reactions with the rock in 
its journey 
Macumber 1973 Reported on drilling and testing at Central Springs 
Shugg 1974 Reported on the groundwater recharge mechanisms, water balance and water chemistry 
in the aquifers at Lyonville.  In particular the high recharge rate that was indicated by 
the low salinity and chloride levels of the groundwater.  Of special interest were the 
nitrate concentrations in the basalt waters and fresh spring water emanating from the 
basalt.  The sodium chloride and chloride bicarbonate ratios were compared and the 
higher salinity of salts in the bedrock system was considered to be due to accumulation 
as the water circulated. 
Macumber 1974 Recommended that the hydrodynamics and the geochemical characteristics of the 
spring catchments be further studied. 
Schaefer and 
Kecskemeti 
1973-
1974 
Collected a population of water samples from 26 of the Mineral Springs and examined 
the solution equilibria and water chemistry changes over the two year period 
(Chemistry Department Uni of Melbourne).  The CO2 content was found to be 14% 
above the calculated equilibrium values for pH, HCO3- and temperature conditions at 
the spring discharge points.  The cation assemblage in the mineral waters was 
attributed to a source in the basalts rather than the weathered bedrock.  They carried 
out solution tests conducted on rock samples collected from the region with simulated 
soil waters and determined the alkalinity of the groundwaters could be achieved by 
these reactions.  They examined mineral equilibria for their data set, no control data 
sets were included. 
Szabo 1975 The work followed the recommendations of Macumber 1974.  A further investigation 
program with additional bores and pumping tests was conducted over a period of two 
years.  Szabo, considered that an anomalous geothermal gradient existed at Daylesford.  
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Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Szabo illustrated the anisotropy of the aquifers in pumping tests. 
Laing 1977 Reported on the investigations conducted by Szabo for the GSV.  He recommended 
levels for continuing and wasting yields for the mineral water resources, Laing 
considered that the carbon dioxide was the last manifestation of the Pliocene – 
Pleistocene volcanism.  He used a water table model for the aquifer system with 
transmission through fissure and fracture conduits. 
 
1. Hepburn Springs be used for extracting only small quantities of water. 
2. Sutton Springs be used for larger scale mineral water extraction. 
3. RWC - DITR determine the need for a groundwater conservation area in the 
spring zones. 
4. Consideration be given to charging a licence fee for mineral water extraction. 
5. Regular monitoring of extraction rates and water quality be made at any 
bottling plant. 
6.  Further Study to be carried out : 
  .  investigated reserves in other spring areas 
  .  investigate reserves to a depth of 400 m 
  .  investigate the geothermal gradients. 
7. Yields from the springs in m3/d 
  Sustainable Wasting 
 Hepburn  96 288 
 Lithia  6 9 
 Sutton  89 555 
 
Note 1. Laing(1977) used a method of estimating the mineral water reserves that might 
be analogous to the methods used for the estimation of oil reserves in a petroleum 
reservoir.  The reservoir volume was calculated and a wasting asset calculated on the 
basis of that volume.  A continuing asset was calculated on the basis of an assumed 
rainfall infiltration rate: 
 
a) 1% of rainfall infiltrating the aquifer. 
b) assuming a safety factor of 4, therefore an infiltration of 0.25% of the 
average catchment the rainfall. 
 
The conservative nature of Laings (1977) calculations recognised the lack of 
hydrographic data relating to spring flow.  What historical data existed often related to 
a period of stress and was difficult to interpret.  The vertical leakage from the basalt 
aquifers near the topographic divide was not incorporated in the calculations.  This 
may be done by assuming a leakage component from the basalt to the underlying 
Ordovician through the saprolite zone.  Lawrence (1969) detailed the results of drilling 
and investigation in this area some later information was presented in surveys at 
Lyonville and the Drought Relief investigations. 
 
Note 2. Although many short term hydrogeological investigations have taken place the 
only systematic records of groundwater hydrographs from bores in the spring reserves 
were initiated by the Geological Survey in 1976. Data is now collected under contract 
to DNRE, in which groundwater levels and spring flow is recorded. 
 
It should be stressed that no hydrographic data had been systematically kept of the 
flow from springs or the extraction from the bottling plant in the reserves and that this 
has handicapped the management of the mineral water resource.  Historical 
observations of spring flow have been quite varied. 
Laing 1980-
1981 
Reviewed the occurrence of the mineral springs and updated some of the spring 
inventory document of Rulikowska (1969).  He included a set of mineral water 
analyses from the sprigs. 
Malone 1978 Drilled the Daylesford Drought Relief bores in 1978; Wombat 65, 66 & 67.  The bores 
developed basalt and Wombat 65 went developed an old Deep Lead mine shaft at 40 
m.  Central Highlands Water (SKM supervised) drilled into the lead at another location 
near Coomoora. 
Shugg 2004; Appendix 02.04  Chronological List of Previous Investigations 5
Source - 
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1981 With the Surveyor from the Lands Department inspected and recommended the 
enlargement of some of the spring reserves for their protection.  Supervised the drilling 
of the 260 m deep mineral water “jet” bore in the car park at Glenlyon Recreation 
Reserve MS24.  The bore intersected several bands of “unconsolidated and loose” 
Ordovician sands, grits and silts.  Porous grits and carbonate concretions were also 
found in the cores (refer to DNRE Geological Survey Core Lab – Werribee). 
1983-
1984 
Conducted Drought Relief drilling east of the township of Daylesford. Drilling 
Wombat 68 - 70 in Leitches Creek Road. The bores were around 30 m deep, and 
developed red sub basaltic clay and weathered bedrock.  Bores Wombat 71 - 73 were 
drilled near the Hepburn Reservoir and unsuccessful. 
Bannister  1989 Reported to the Mineral Springs Advisory Committee on a water sampling program.  
Progress Report to the MSAC Mineral Water program.  Water, Materials and Science 
Branch, Rural Water Commission. 
Department 
Industry and 
Economic 
Planning 
1990-
1991 
The Environmental Unit attached to Mining Division of the Department of Industry 
compiled draft mining guidelines for the Mineral Springs area for a State 
Interdepartmental Committee with SALPA (Springs Area Land Protection 
Association) chaired by the Department of Planning and Urban Growth. 
Shugg 1991 Reported on the environmental consequences of pumping from the new emergency 
bore located in Hepburn Reserve.  Prepared a Draft Mineral Springs Protection 
Strategy Document. 
Anita Brady 1993 Draft History of the Victorian Mineral Springs prepared for the MSAC.  The document 
has under gone several revisions, but has not been published yet. 
Shugg 1994 Prepared a report on the Mineral Water Management option for Central Spring Mineral 
Springs Reserve. 
Shugg and Knight 1994 Published a paper on the hydrogeology and origin of the mineral waters and the 
described the mineral water flow systems. 
RWC – 
HydroTechnology 
1994 Government Service Contract to produce a map on the mineral Central and Hepburn 
springs catchments, for the purposes of mineral water catchment protection. 
Shugg 1996 Discussion Paper – Mineral and Spring Waters of Victoria. 
SKM - DNRE 1996 Development of a Risk Assessment study and methodology for the principal springs 
Daylesford - Central Springs and Hepburn Mineral Springs. 
VMWC 1997 Monitoring program with data loggers in Hepburn Mineral Spring Reserve, 
bacteriological monitoring of the springs. 
Shugg 1999 Prepared an updated Inventory and data bases for the Mineral Springs. 
Chris Dance Land 
Design 
1999 Masterplan for the Mineral Springs Reserves prepared for the VMWC 
VMWC 1999 - 
2000 
Formulation of the restoration of mineral spring reserves in a “Master Plan”, and 
remediation of sites affected by bacterial contaminated sites.  VMWC continued the 
MSAC bacterial monitoring program and has initiated closure of springs that have 
recorded bacterial contamination.  Most of the Bacterial contamination has been found 
to be at low levels (E Coli < 10, Total Coliform < 20) and is due to mixing of soil 
water and creek water in the fissured rock close to the spring eye. 
Shugg for VMWC 2001 Discussion paper on the bacterial recorded in the spring waters. 
Shugg for VMWC 2001 Discussion paper on the Definition of “Mineral Water”. 
VMWC 2001 - 
2004 
Directed under the guidance of Mr Philip Clingin the Masterplan implementation.  
Bacteriological monitoring, spring closure when the water failed DWC guidelines.  
Commenced the program of installation of deep bores for clean water.  Conducted 
regular sampling of water chemistry, installation of data loggers in Hepburn MS 
Reserve.  In 2004 “Risk Protocols” prepared to prioritise restoration and landscaping 
works. 
Nolan ITU 2000 - 
2001 
Involved in works at Eastern Beach, Wyuna Spring and works on Locarno Spring, and 
Leggatt’s springs. 
   
Luebbers and 
Associates 
1998 - 
1999 
Archaeological Investigations, Clifton Springs, Bellarine Peninsula, for the City of Greater 
Geelong. 
Allom Lovell & 
Ass.  
2003. Vaughan Mineral Springs.  Castlemaine Diggings National Park, Heritage Action Plan.  
Report to Parks Victoria. 
Sinclair Knight 
Merz 
1998 –  Proved occurrence of mineral water aquifer at Eastern Beach in bore No.1.  Later 
called in to remediate situation and decommissioned bore number No.2.   
Supervised works on and new bore construction on Leitches Creek, Wagga, Sutton, 
Jubilee Lake, Kyneton, Glenlyon, Leggatt’s, Soda (Hepburn), Wyuna and Vaughan.  
Pioneered drilling, detection and construction techniques for mineral water through 
shallow mixing zones.   
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Source - 
Author 
Date - 
year 
Task reported or Action recommended 
Conducted dye tracing at Locarno, Ballan, Kyneton and Soda springs and identified 
local pollution pathways. 
VMWC 2004 - Works for the Committee are ongoing, refer to the minutes of the VMWC. 
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Appendix 02.05 Location and list of known Mineral Springs and Sources. 
 
Commercial bottled  Owner Extractor  Location Spring (MS) Last 
Extraction 
Authorised 
Extraction 
Peak 
Extraction 
1980 – 2000
Extraction 
2000 
Ludol Gilbert, A. Gilbert, A. Ballan - Shaws 103 Aug-87 15  
Bisleri Coca - Cola Sandglen Ballan - Spargo Ck. 69 Aug-89 25  
Good Aussie Gilbert, A. Barkstead  
Filadele Pty Ltd Gilbert, J.M. Gilbert, J.M. Bullarto 59 Nov-88 9.62  
Sandglen Gilbert, J&A. Gilbert J.& A. Daylesford-Ballan Rd. 69 Aug-89 25  
Deep Spring Coca - Cola Cook, B. Deep Creek - Eaganstown 38 active  
Bisleri Coca - Cola Cook, B. Deep Creek - Eaganstown 38 active 18 0 
Egan Egan, J. Egan, J. &  B. Deep Creek - Eaganstown 38 active 3.32 2.48 
Eganstown Cooks Cook, B. Deep Creek - Eaganstown 38, 44 active 18 15.20 9.99 
Donnybrook Donnybrook 73 Aug-87 1  
Taurina Taurina Spa-APD Taurina Glenlyon 24 1981/1982 15  
Wheatsheaf & MWAT Association Nevill & Cook Nevill & Cook Gootches 32 active 10 7.18 0.10 
Black Hill P/L (The Good Aussie Down Under Co. until 
92/93) 
Carey, B. Carey, B. Gordon NA Active 3.7 3.29 0.39 
Cottonwood Valley Holding Gilbert, J.M. Gilbert, J.M. Gordon bore  active 40 17.11 10.39 
Hepburn Bath House State Government Shire of Hepburn Hepburn 27 current 15 14.5 
Hepburn Spa Cadbury/Schew' Hepburn Spa Hepburn 27 1986 7.2  
Chessum Kyneton 2.5  
Kyneton (Berrivale Orchards Pty Ltd 
(Kyneton Mineral Water until June 93)) 
B & S Springs B & S Springs Kyneton - Boggy Creek 10A active 4.23 4.23 
Mt Franklin Coca - Cola/APD Coca - Cola Limestone 9 1985/1986 35 >15 14.52 
Home Brand Soft Drinks Co. Australian Spa Lyonville 57 Nov-91 10  
Australian Spa Drinks Carroll, C. Carroll, C. Lyonville, 4 bores 57 Nov-91 10 5.77 0 
Boon Spa (Western Bottlers) B.S Beverages - K & T Haack  Boon Spa Muirs bottling spring 61 Nov-88 3 0.70  
Schweppes Cadbury/Schew' Cadbury/Schew' Sailors Flat 46 May-89 20 20  
Hepburn Spa Cadbury/Schew' Cadbury/Schew' Sailors Flat 46 May-89  
Badger Hill P/L Badger Hill P/L Ronan, J. & Sons Springhill NA active 45 24.59 0 
Boon Spa (Western Bottlers) B.S Beverages Nevill & Cook Wheatsheaf 32 Active  
Bisleri Coca - Cola Nevill & Cook Wheatsheaf 32 active 0 
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Commercial bottled  Owner Extractor  Location Spring (MS) Last 
Extraction 
Authorised 
Extraction 
Peak 
Extraction 
1980 – 2000
Extraction 
2000 
Bolton Bolton, D. Bolton, D. Woolnough's Crossing 23 Feb-87 0.10  
Farmland Coles B & S Springs purchased water  
Borlands purchased water  
Cadbury Schweppes purchased water 20  
Pendlebury purchased water  
Safeway purchased water  
Savings Brand purchased water  
 
Mineral water source sorted by the commercial bottled name. 
 
Source Location Spring Parish Bore Easting Northing Commercial (Bottled) Owner Extractor Aq TDS From To Yld Drilled 
Bullarto Bullarto 10031 252900 5858190 Good Aussie (D/Under C) Black Hill P/L Gilbert, A. Bedrock 911 40 50 0.4 1988 
Bullarto Bullarto 10030 252810 5858290 Good Aussie (D/Under C) Black Hill P/L Gilbert, A. Bedrock 135 35 50 0.4 1988 
Bullarto 59 Bullarto 10021 254450 5858850 Filidale Gilbert, J.M. Gilbert, J.M. Bedrock 431 34 35 0.1 1985 
Bullarto 59 Bullarto 10021 254450 5858850 Filidale Gilbert, J.M. Gilbert, J.M. Bedrock 674 48 50 0.2 1985 
Bullarto 59 Bullarto 10020 252762 5858449 Filidale Gilbert, J.M. Gilbert, J.M. Bedrock 87 34 37 0.3 1983 
Bullarto 59 Bullarto 10019 252600 5858650 Filidale Gilbert, J.M. Gilbert, J.M. Bedrock 43 41 44 0.6 1983 
Eganstown 44 Wombat MS44 Bisleri Coca - Cola Cook, B. Bedrock   
Deep Spring 38 Wombat MS38 Coca - Cola Cook, B. Bedrock   
Deep Spring 38 Wombat MS38 Egan, Eganstown Egan, J. Egan, J. and Cook, Bedrock 76 1.2 1980 
Donnybrook 73 Kalkallo MS73 Donny Spa Donny Spa Slatter, A.       Q Tvn/Bedrock   
Glenlyon 24 Glenlyon 10020 256459 5868388 Taurina Taurina Spa - APD Taurina Bedrock 2074 1 2 0 1980 
Glenlyon 24 Glenlyon 10020 256459 5868388 Taurina Taurina Spa - APD Taurina Bedrock 3180 80 81  1981 
Glenlyon 24 Glenlyon 10020 256459 5868388 Taurina Taurina Spa - APD Taurina Bedrock 2341 23 25  1981 
Gordon bore Warrenheip 15018 761510 5835860 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 527 9 15   
Gordon bore Warrenheip 15019 761460 5835650 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 527 9 14 0.8 1989 
Gordon bore Warrenheip 15022 761850 5835830 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 514 16 18  1990 
Gordon bore Warrenheip 15023 239480 5838540 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 514 16 18  1990 
Gordon bore Warrenheip 15020 761500 5835670 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 288 1.1 1991 
Gordon bore Warrenheip 15021 761790 5835850 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 514 16 18  1990 
Gordon bore Warrenheip 15018 761510 5835860 Cottonwood Valley Hold Gilbert, J.M. Gilbert, J.M. Tvn 288   
Limestone 9 Franklin MS9 Mt Franklin Coca - Cola/APD Coca - Cola Bedrock   
Franklin 10 003-10 007; were drilled at the site for Coca Cola, as the source of the Mt Franklin mineral water.   
Lyonville 57 Bullarto MS57 Home Brand - Australian Spa Carroll, C. Bedrock   
Lyonville, bore 57 Bullarto 10010 257250 5859250 Australian Spa Drinks Carroll, C. Carroll, C. Bedrock 15 33 0.2 1981 
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Source Location Spring Parish Bore Easting Northing Commercial (Bottled) Owner Extractor Aq TDS From To Yld Drilled 
Lyonville, bore 57 Bullarto 10008 256629 5858127 Australian Spa Drinks Carroll, C. Carroll, C. Bedrock 179 63 67 0.6 1980 
Lyonville, bore 57 Bullarto 10011 256669 5859681 Australian Spa Drinks Carroll, C. Carroll, C. Bedrock 834 14 16  1982 
Lyonville, bore 57 Bullarto 10018 256800 5858900 Australian Spa Drinks Carroll, C. Carroll, C. Bedrock 45 46 0.1 1983 
Boggy Creek, Kyneton 10A Lauriston MS10A Kyneton B & S Springs B & S Springs Tvn/Bedrock 1587   
MS Res, S of CA 191 10A Lauriston 10094 271000 5875700 Kyneton B & S Springs B & S Springs Tvn/Bedrock 1474 4.4 1986 
MS Res, S of CA 191 10A Lauriston 10093 271050 5875600 Kyneton B & S Springs B & S Springs Tvn/Bedrock 1560 67  1986 
MS Res, S of CA 191 10A Lauriston 10093 271050 5875600 Kyneton B & S Springs B & S Springs Tvn/Bedrock 1030 1 112 6.3 1986 
Boggy Creek, Kyneton 10A Lauriston MS10A Farmland Coles B & S Springs Bedrock   
Muirs bottling spring 62 Wombat MS62 Boon Spa(Western Bottlers) B.S Beverages Boon Spa Bedrock   
Sailors Flat 46 Wombat MS46 Hepburn Spa Cadbury/Schewppes Cadbury/Schewppes Bedrock 300-420   
Sailors Flat 46 Wombat MS46 Schweppes Cadbury/Schewppes Cadbury/Schewppes Bedrock   
Spargo Ck -Ballan Rd 69 Korweinguboora 10010 248498 5846881 Sandglen Sandglen Gilbert, J. & A. Bedrock 1941 64 65 0.3 1982 
Spargo Ck -Ballan Rd 69 Korweinguboora 10010 248498 5846881 Sandglen Sandglen Gilbert, J. & A. Bedrock 1441 18 19 0.3 1982 
Spargo Ck -Ballan Rd 69 Korweinguboora 10010 248498 5846881 Bisleri Sandglen Gilbert, J. & A. Bedrock   
Springhill bore Warrenheip 10097 239775 5838450 Badger Hill P/L Badger Hill P/L Ronan, J. & Sons Tvn 407 25 31 0.8 1983 
Springhill bore Warrenheip 10103 239400 5838150 Badger Hill P/L Badger Hill P/L Ronan, J. & Sons Tvn 405 26 34 0.5 1983 
Tylden bore Tylden 10006 271580 5861720 Chessum Chessum Chessum, G. Bedrock 135 19 25 0.6 1974 
Wheatsheaf 32 Glenlyon 10026 255180 5868800 Wheatsheaf & MWAT Ass. Neville & Cook Neville & Cook Bedrock 1045 79 83 1.5 1981 
Wheatsheaf 32 Glenlyon 10026 255180 5868800 Bisleri Coca - Cola Neville & Cook Bedrock   
Wheatsheaf 32 Glenlyon 10026 255180 5868800 Boon Spa(Western Bottl) B.S Beverages Neville & Cook Bedrock   
Woolnough's Crossing 23 Glenlyon 10011 255041 5868808 Bolton Bolton, D. Bolton, D. Bedrock 94 29 33 5 1979 
Woolnough's Crossing 23 Glenlyon 10021 252269 5868263 Bolton Bolton, D. Bolton, D. Bedrock 1352 21 39 0.9 1981 
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Appendix 02.06 Details of the 1910 Mine Dewatering Events and 
Cessation of Hepburn Spring Flow.  
 
The following summary has been precised from the Technical Notes on Hepburn Spring, for more 
information it is suggested the Technical Notes be consulted, and in conjunction with the annotated 
version of Skeats (1914) and the transcripts of the public meetings presented in Laing et al., (1997).  
 
Details of Events 
 
Dewatering by the reef mines on the Daylesford Goldfield had established a recognised pattern of 
disturbance of the springs.  Small events had occurred as early as 1870, but a major dewatering event 
occurred in 1910 (refer to additional details in the Technical Paper on the Hepburn Springs). By 1910 
Daylesford citizens were becoming aware and concerned about the change in the springs due to mining 
activities.  This awareness encompassed the interests of the tourism and balneotherapy industry and was 
presented in public meetings and in deputations Ministers of State Parliament. 
 
In the history of the Hepburn Mineral Spring Reserve there has been a gradual process of protection and 
enlargement of the Reserve.  In 1910 conflict reached a pinnacle when interests supporting a dwindling 
mining industry that was draining the springs was pitted against the local community, commerce and the 
well established and economically tourist industry. 
 
The following discussion is mainly based on the internal correspondence and memoranda of the Mines  
Department, copies are preserved in Laing et al. (1997) and that may be sourced from the Departmental 
Library, Historical Places Section and the Daylesford Museum.  Other reference material used has been 
the Geological Survey Unpublished Report Dunn et al. (1912), Skeats (1914) and many Daylesford 
public records and transcripts of public meetings. 
 
On the 23rd of August 1910, the Daylesford progress association petitioned the Hon. D.M. McLeod 
MLA the then Minister for Mines expressing their concern regarding the proposed granting of a mining 
lease to the North Frenchman Company.  The concern was that the mine was on the same "line" as the 
springs and that the mine would affect spring flow. 
 
This was the start of a period of around four years of conflict, agitation and public consultation.  It finally 
led to the forced closure of the North Frenchman mine and later another contributing mine the 
Frenchman Reef Mine was to close because of poor returns.  The fears of the progress association had to 
be realised and the springs drained before the government would intervene. 
 
On the 30th January 1912, the State Cabinet paid the owners of the North Frenchmans Mine £250 
(pounds) compensation for ceasing operation.  The company had wanted £500 (pounds). 
 
On the 27th May 1912, the Mines Inspector, Mr Rowe, visited the Hepburn Spring Reserve and reported 
that Pavilion Spring was dry, although some small spring discharges occurred in the reserve with flows 
of 1.7 m3/d (0.02 L/s) and 6.9 m3/d (0.08 L/s). 
 
On the 15th of July 1912 the Director of the Geological Survey, Dr. E.J. Dunn, made the observation that 
he did not expect Hepburn Spring to return just at that time.  That the "New Spring", at MS 28 Wyuna is 
an old spring flowing again since North Frenchmans Mine had closed. 
 
Sir, 
Under separate cover I have the honour to inform forward a plan of the area between 
Frenchmans Reef Mine and the mineral springs in Spring Creek, Hepburn, with section showing 
the geological structure of the country along and across the belt. 
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modified fromBaragwanath 24/11/1911, PN 1329/M/1, Skeats (1914) ; byA Shugg 1996
Fault - Reef -
Fissure
<--  Hepburn Spring Level        @ 53.3 m
<--  New Wyuna Spring Level   @ 47.2 m
W ater level 11/1914           @ 45.1 m
W ater level 02/1914           @ 42.4 m
Initial W ater Level               @ 33 m 
Level 61 m 
Level 64 m                         - 10.7 m
N
Bearing N39 o 30 ' W
RL 497m 
RL 464.4 m 
RL 455 m 
RL 450 m 
RL 433.4 m 
RL 444.1 m *
RL 452.3 m 
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Plan 
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Figure 1. Section through the North Frenchmans mine shaft. 
 
The survey has been made with the object of throwing, if possible some light on the cause of the stoppage of flow 
of the Hepburn springs which some months ago suddenly ceased to run through delivery pipes in the pavilion.  As 
the mineral water of the Pavilion is said to have contained valuable medicinal properties and, moreover, has been 
the chief attraction for tourists visiting the Daylesford district it proved a very valuable asset to the Daylesford 
Public (tourist traffic is variably estimated as bringing £40 000  - £50 000 per annum to the district).  Its cessation 
therefore is matter of much concern locally and many speculation have been advanced to account for the cause of 
the trouble.  Amongst these causes assigned for the cessation are: 
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(1) Structural movements, the result of underground explosions known as "Pat Hanley's Guns"1. 
(2) Inanition, the springs having been expiring for the last 30 years. 
(3) Mining operations to the southward 
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Figure 2. Schematic cross section for Frenchmans Reef Mine, depicting fissure networks 
and Frenchmans Reef. 
 
The maps discussed were: Whitelaw, H.S., 1912. Hepburn Mineral Spring, geological map 1239/M/1. 
Plan No 1239 Frenchmans Reef Mine, Hepburn Mineral Springs parish of Wombat. 40 chains to 1 inch, 
                                                     
1 Pat Hanley’s Guns were reported in the bush near Yandoit, and have been used to describe load percussive noises in 
either the bush or underground mines. Local folk lore has several explanations including the bursting of gas 
from the rocks. 
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geological map 1239/G/4. Plan No 1239.  Some of the information from these maps was reproduced in 
the Bulletin on the Daylesford Goldfield and the map accompanying the Bulletin (Whitelaw and 
Baragwanath, 1923). 
 
Internally, the Mines Department was divided between the interests the gold mining purported by some 
of the mining inspectors, while the field geologists endorsed protection of the springs.  Herman, the new 
Director of the Geological Survey was less precautionary in his views not sharing the detailed 
understanding of the Daylesford goldfield of Whitelaw and Baragwanath.  Instead, he resolved to adopt 
the expedient and "wait and see".  The fallacy was obvious and Herman's recommendation with 
hindsight was an error.  Therefore, the matter would not rest with Herman’s memo.  The conflict 
persisted within the Mines Department, between the reserve committee and the mineral water bottler.  
Public anxiety and concern had resulted in the Ministerial appointment of Professor Skeats as an 
independent2 expert. Skeats professional views (Skeats, 1914) appeared to closely follow the opinion 
that North Frenchmans mine was the cause of the spring dewatering, a view that had also been expressed 
by the goldfield geologist William Baragwanath.   
 
In June 1914, Professor Skeats of Melbourne University was appointed by Parliament to report on the 
disappearance of the springs.  He considered that it was probably due to the North Frenchmans Mine and 
not the Frenchmans Reef Mine.  Explaining that the failure of the Pavilion Spring to return was related to 
the failure to seal up a cross cut at 60 m in the North Frenchmans Mine.  To this extent, his opinion 
varied from that of Baragwanath's, Hunter's and Whitelaw's who recognised the role of mines at greater 
distances from the springs and those along the line of the Hepburn Anticline.  Professor Skeats' detailed 
report was published as the Geological Survey Bulletin No 36, "Mineral Springs at and near Hepburn". 
 
The reluctance in some quarters to appropriate some of the blame to the Frenchmans Reef Mine for 
contributing to the dewatering of the springs may only be speculated upon.   
 
On 4th July 1914, a deputation in Daylesford to the Minister for Mines (Hon. J. Drysdale Brown) and the 
Minister for Lands (Hon. H.S.W. Lawson) and the Hon. D. McLeod MLA was made.  Present were 
representatives of the Daylesford Borough Council, Mount Franklin Shire Council, and Hepburn Springs 
Park Committee, Hepburn Mineral Spring Company and members of the public.  At the deputation it 
was repeatedly claimed that Frenchmans Reef Mine had caused Pavilion Spring to stop flowing.  The 
community urged that the mine be closed immediately. 
 
The two Ministers had visited Daylesford to gauge public opinion, that Frenchmans Reef Mine had 
dewatered Pavilion Spring and whether the mine should be closed down.  About 40 years ago [1874] the 
White Hills Shaft located about 320 m south of Pavilion Spring on line with Frenchmans Reef had 
stopped the spring.  Frenchmans Reef Mine was more than three times that distance from the reserve, but 
situated on the same anticline and reef system. 
 
The minutes of the meeting provide an insight into a nest of conflict, competing interests and the 
duplicity of the senior decision-makers.  In essence, the dewatering and reduction of spring flow had 
caused a conflict in the equitable distribution of mineral water in the reserve.  Public access, the bath 
house supply and the commercial interests of the bottling company which paid ₤80 per annum for its 
mineral water entitlement were in severe competition and very much threatened.  The spring committee 
was aggrieved as it had spent ₤5000 to ₤6000 on investments in the reserve and spent ₤1000 on the 
Pavilion.  It is quite clear from the cause of events and from the Ministerial response that the interests of 
the community, the committee and the local tourism industry ranked behind the commercial and 
shareholder interests in the Frenchmans Reef Mine and the Hepburn Mineral Water Company.  The ex 
Minister for Mines the Hon. D.M. McLeod MLA also attended the meeting and argued for the interest of 
2 In a public hearing 3rd July 1914 it was disclosed that Professor Skeats was a director of the Hepburn Mineral Spring 
Company – the bottling company competing for water in the reserve with the reserve committee who argued 
for public equity and a supply for the bath house.  Mr McLeod MLA who nominated Prof Skeats for the 
review was the Chairman of the Mineral Spring Company. 
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the bottling company, as he was the Chairman of the bottling company.  It was also disclosed that Prof. 
Skeats the “independent” expert was a director of the bottling company. 
 
After North Frenchmans Reef mine had been closed it was clear that the remaining cause of the 
dewatering of the springs was the Frenchmans Reef Mine.  This view was supported by the opinion of 
“practical miners”, the alignment of the bedrock structures and the observation that the White Hills shaft 
located between the reserve and Frenchmans Reef mine had also become dewatered.  This view was 
variously expressed by Councillors Jayes, King, McKinnon and Densen, and supported by a report by 
the Geological Survey Geologist Mr. Whitelaw.   
 
Mr Horsfall the Borough Engineer and Town Clerk’s account of the occurrence of the mineral water and 
the movement of it in the rock mass was particularly clear.  The occurrence of the springs was from 
quartz reefs and leaders,3 and that the lineation of the reefs was 10o – 20o west of north.  Therefore a 
structural continuity existed between the spring and Frenchmans Reef Mine.  White Hills shaft may be 
used in the interpolation of the line.  Some of the miners suggested that the Frenchmans Reef fissure 
passed just to the west of the Pavilion. 
 
In conclusion, and in face of the persistent and challenging opinion the Ministers declined action instead 
expressing the view that there was a difference of opinion and that he would not agree to Government 
passing money to close Frenchmans Reef Mine.  The Government had previously closed and 
compensated the North Frenchmans Mine.  The Minister for Mines had been briefed by the Department 
that the Frenchmans Reef Mine had not paid a dividend for three years, and that its closure would not be 
a serious loss. 
 
Around October 1914 operations at the Frenchmans Reef Mine ceased, and with the gradual filling of the 
mine workings with surface water there was a gradual return of gas and mineral water to the Pavilion 
Spring.  This vindicated the observations of the Geological Survey's geologists Hunter, Whitelaw and 
Baragwanath.  In October 1914, Baragwanath and Whitelaw recommended that bores should be put 
down in the Hepburn Mineral Springs Reserve to tap the mineral water. 
 
 
 
 
 
 
3  Leader is a continuation of a fault or parting in the rock mass down the limb of the structure. 
Appendix 02.07 List of the Position of Mineral Spring Reserves. 
 
With the spring reserves, it is noted that the Committees of Management often change and this may be due 
to institutional adjustments or other rational.  There are 34 SMS Reserves and they have special status. 
 
Mineral 
Spring 
MS No. 
Reserve Name Parish Easting 
55 
Northing 
55 
Date 
proclaimed 
Area 
Ha 
Purpose 
Control 
(2) 
Control (2003) 
31 Argyle Wombat 247760 5866410 16 Mar 1914 83.4 MSR Parks Victoria 
50 Bagnalls Wombat 244300 5860620  1 Jan 1981 4 HRP DSE 
103 Ballan Gorong 252060 5833830  9 Dec 1935 2 PP Moorabool 
64 Blackwood Blackwood 262300 5849330 11 Oct 1879 5.6 MSR Moorabool 
25 Boots Gully Wombat 242120 5867820  1 Jan 1981 38 MSR DSE 
59 Bullarto Bullarto 253050 5858390  1 Mar 1949 8.9 RF Hepburn 
42 Central Springs Wombat 246100 5862260 16 Jan 1934 73 MSR Hepburn 
38 Deep Creek Wombat 240730 5863170 14 Jan 1907 16.2 PP Hepburn 
17 Dry Diggings Franklin 246020 5869150 27 Feb 1907 4.7 HPR DSE 
35 Fairy Dell Wombat 244560 5864040  1 Jan 1981 2.6 HRP DSE 
7 Glenluce Fryers 253990 5883100  1 Jul 1878  MSR Parks Victoria 
24 Glenlyon Glenlyon 256460 5868380  5 Jul 1869 20.8 RGR DSE 
98 Golden Wombat 246260 5867300  1 Jan 1981 1.6 HRP Parks Victoria 
27 Hepburn Wombat 246560 5866590 13 Mar 1865 31.3 MSR Hepburn 
51 Jubilee Lake Bullarto 247920 5860220  9 Feb 1971 0.8 RC&A Hepburn 
10 Kyneton Lauriston 271100 5875450  1 Sep 1913 1.6 PP Macedon Ranges 
49 Leitches Creek Glenlyon 252410 5861400 16 Apr 1880 1.1 MSR Hepburn 
97 Liberty Wombat 245610 5867540 24 Jun 1942 2 PP Hepburn 
16 Lithia Franklin 245300 5869580  9 Feb 1902 3.2 PP Hepburn 
57 Lyonville Bullarto 256875 5858950  9 May 1916 20.2 MSR DSE 
52 Lyonville Bullarto 257650 5860800  1 Jan 1943 1.2 MSR DSE 
58 Sailors Creek Wombat 244200 5859690  1 Jan 1981 5 HRP DSE 
48 Sailors Creek Wombat 244910 5861010  1 Jan 1981 4 HRP DSE 
60 Sailors Falls Wombat 244800 5857800 23 Nov 1891 26 RC&A Public C of M 
46 Sailors Flat Wombat 244900 5861420  1 Jan 1981 3 HRP DSE 
68 Spargo Creek Korweinguboora 246860 5846550 14 Nov 1935 20.2 MSR DSE - Ballarat 
100 Tarradale Taradale 264600 5886300 27 Sep 1929 0.7 PP Macedon Ranges 
 Taylors Creek Sailors Creek ?? 37  Hepburn 
36 Tipperary Wombat 244740 5863600 23 Jun 1884 22.2 MSR Hepburn 
3 Turpin Falls Emberton 276300 5887100  1 Jun 1929 4.75 RC&A Macedon Ranges 
7 Vaughan Glenluce Fryers 252490 5883380  1 Jul 1878 95 MSR Parks Victoria 
20 Woolnoughs Crossing Glenlyon 252280 5868640  1 Jan 1975 1 RC&A Hepburn 
 
RP - Recreation Purposes 
MSR - Mineral Spring Reserve 
RC&A  Recreation Reserve and for Public Amusement 
PP - Public Purposes 
DSE - Department of Sustainability and Environment 
C of M – Committee of Management 
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Figure 1. Mineral Spring Reserves in the vicinity of Daylesford Township. 
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Figure 2. Mineral Spring Reserves in Central Victoria. 
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Appendix 03.01 Fault Nomenclature and Definitions. 
 
Structural geological references should be consulted, but often use their own nomenclature sets.  The 
nature of faults is that movements may be resurgent, that is they are planes of failure and changes in 
stress field will avail the failure planes and even reverse the direction of movement.  This concept of 
dynamics in faulting is well recognised in the field of Petroleum Geology, but not so much in the 
regional mapping of hard rock regions.  In the Daylesford – Stony Creek Basin, Bacchus Marsh and Lal 
Lal areas the complexity of the local tectonic settings are more complex than previously considered. 
 
Displacement Apparent movement Exact movement 
normal  normal separation normal slip fault 
reverse reverse separation reverse slip fault 
left lateral left separation fault left strike slip 
left lateral slip fault 
left lateral strike slip fault 
left handed strike slip fault 
sinistral slip fault 
right lateral right separation fault right strike slip 
right lateral slip fault 
right lateral strike slip fault 
right handed strike slip fault 
dextral slip fault 
normal normal separation normal slip fault 
reverse reverse separation reverse slip fault 
left lateral left separation fault left strike slip 
left lateral slip fault 
left lateral strike slip fault 
left handed strike slip fault 
sinistral slip fault 
right lateral right separation fault right strike slip 
right lateral slip fault 
right lateral strike slip fault 
right handed strike slip fault 
dextral slip fault 
 
The terms sinistral and dextral are derived from the Latin for left and right.  Movement convention is for the direction of 
movement of the far block.  Left handed scholars don’t believe they are sinister and the Latin derived nomenclature is not 
therefore popular . 
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Appendix 03.02 Colloquial Gold Field Nomenclature of the Auriferous 
Mines.  
 
The terminology is presented to assist in the reading of old gold mining references.  An important 
aspect to recognise is that some of the terms evolved in their usage, and transposition from gold-field 
to gold-field their usage often appeared to have changed.  A particular case was with the usage of the 
term “vertical” that suffered in the translation between the Ballarat and Daylesford Gold-fields. 
 
Name Description 
Back The roof of an underground cavity The downward continuation of a saddle reef where the 
leg stone dies out. Continuation of fault or reef material within the plane of bedding 
Backs Ore above a level, extending to the surface or upper levels. 
Counter lode A lode running obliquely across the main lines of lode; on the Daylesford field sometimes 
referred to as a “cross course” 
Drift Usually alluvial loose sand that tends to flow; usually contains much water (thixotropic). 
Flat Make Sub-vertical reef on Daylesford Goldfield usually east dipping, at 20 – 50o. 
Fluccan Crushed strata, pug or clay along a fault line 
Horse Country rock replacing a portion of a reef 
Leather Jacket The term used in the Ballarat East for the lodes with decomposed dyke material on the 
wall.  Some miners also used the term to describe the faults with iron oxide on the walls, 
therefore fault appearance would change below the water table. 
Leg Portion of a set of mine timber; and a term applied to the lower portions of a saddle reef 
Lode A universal term for quartz reef and a clearly defined occurrence of mineral bearing 
material.  On the Daylesford Gold-field they were features aligned almost parallel to the 
strike of the strata. The usual occurrence is west dipping (a Daylesford Vertical) in east 
dipping strata and its conjugate is the east dipping fault in west dipping strata (a Daylesford 
Flat Make).  Cross courses and counter lodes were oblique to the strata; cutting across the 
strike. 
Mullock All debris or waste rock taken out of a mine 
Pipe clay Clay and decomposed bedrock forming the surface of the bedrock 
Pug Crushed strata or clay 
Rock Miners' term for basalt 
Slide is a fault generally running in the same direction in the same plane as a concordant lode, 
but the differing terminology is due it coursing down the dip of the strata.  Thus giving a 
fault different names across a structure. 
Stone Miners' name for quartz 
Verticals A term used in some districts for reefs which have a defined inclination to the vertical, and 
is the conjugate of the Flat Make 
Variants:   Ballarat East – axial plane faults in anticlines 
                  Daylesford – sub – vertical west dipping thrust fault at 50 – 85o 
On the Daylesford Goldfield these are west dipping and sub parallel to 
parallel with the strata and developed with quartz infilling as the fault crushes 
through the discordant bedding.  When crossing the axial plane they become 
baron of quartz and were recognised as “slides” or in black shales as “black 
slides” 
For further discussion of the old terms refer to p.92 the Prospectors Guide (1936). 
 
Department of Mines, 1936. Prospectors Guide (Victoria). Issued by Geo Brown Secretary of Mines under the 
authority of the Hon. E.J. Hogan, M.L.A., Minister of Mines. Third Edition 1936. 
Department of Mines, 1940. Glossary of Mining Terms. Mining and Geological Journal. September 1940. Vol 2, No. 
3, pp. 187 - 190. 
Department of Mines, 1958. Prospectors Guide (Victoria). Issued by J.B. Tilley Secretary of Mines under the 
authority of the Hon. W.J. Mibus, M.L.A., Minister of Mines. Fourth Edition 1958. 
Hunter, S.B., 1909. Deep Leads of Victoria. Geological Survey of Victoria, Memoir 7. 
 
Appendix 03.03 Major Regional Faults. 
 
A number of major structures occur in the region and these are identified in the diagram Figure 1.  
These are major structures and are accompanied by a profusion or swarms of minor thrust faults.  The 
stronger faults appear to be the west dipping thrusts faults and these major faults have been mapped in 
seismic sections of the bedrock.  The location of the regional faults are presented on Figure 1, and are 
discussed brifley in aplabetical order.  Few as structures appear to be associated with mineral water 
discharges, rather it is the lower order structures that appear to have residual dilatancy.  An exception 
was noted at Heathcote were the fault zone offered considerable permeability.  Some evidence for 
these faults is based on biostratigraphic mapping. 
  
Campbelltown Fault 
The Campbelltown fault forms the western boundary of the Werona Synclinorium. 
 
Djerriwarrh Fault 
This fault has been defined by biostratigraphic relationships of the graptolite zones.  No evidence of the 
age of movement is clear other than the fault was active prior to the extrusion of the Plio - Pleistocene 
Newer Volcanics.  In Anthony’s Cutting on the Western Highway on the Melton side of Djerriwarrh 
Creek a small westerly dipping thrust fault displaces the base of the Quaternary basalt by about 1 – 1.5 
m.  This may suggest that the fault or splinter faults close to it are still active. 
 
Hanover Fault 
The fault was mapped by Ferguson (circa 1906), it forms the southern and eastern boundaries of the 
Steiglitz Gold Field in the Brisbane Ranges.  The fault is highly mineralised, with considerable 
disruption of the strata adjacent to the fault.  The fault has a throw of more than 1000 m (Thomas and 
Harris, 1949).  It is a reverse fault but with some strike slip. 
 
Muckleford Fault 
This is a major regional fault that occurs four kilometres west of the Daylesford township.  It is a north 
south trending high angle reverse fault in the basement rocks, named the Muckleford fault which was 
recognised by Thomas and Harris in 1934, following detailed mapping using the graptolite assemblages.  
The Muckleford fault has been traced north and west of Bendigo and in the south to Maude near 
Geelong, a distance of 130 km.  It is a high angle thrust fault.  There is about 1200 m vertical throw on 
this fault (Thomas, 1935).  The fault is still active, it has displaced Tertiary gravels, of Pliocene age by 
30 m and Tertiary basalts by 15 m and therefore remains as an active basement fault.  Only 
Lancefieldian and Bendigonian beds occur to the west of the fault.  It was active during the deposition 
and folding of the Ordovician (Beavis, 1967) and it forms the western boundary of the Bendigo Trough 
from the end of the Chewtonian it exists as a crush zone in the Harcourt Granite.   
 
A number of mineral waters appear to west of the fault in vicinity of Daylesford and Newstead thus the 
fault is not a truncating feature. 
 
Rowsley Fault 
This is an ancient thrust fault in the basement that has been more lately been active with a reversal of 
movement as a normal fault in the Upper Tertiary.  It forms the western boundary of the Port Phillip 
Sunklands.  On the coastal margins many of the faults have reversal in movement with periodic 
resurgence. 
 
Shugg 2004; Appendix 03.03  Major Regional Faults 1
Sebastian Fault 
In the Ballarat area this fault has been active into modern times with the displacement of the Pliocene 
Deep Leads.  At depth the fault is probably a high angle west dipping thrust, although reversal of 
movement in the Tertiary has resulted in the down faulting in the west.  The Bendigo Gold-field is 
confined in Lower Ordovician strata between the Sebastian and Whitelaw faults. 
 
Whitelaw Fault 
The Whitelaw fault forms the eastern boundary of the Bendigo Gold-field. It is a steep west dipping 
reverse angle fault and is marked by a 3 m thick iron stone breccia at Bendigo.  The fault separates the 
Lower Ordovician Lancefieldian - Bendigonian stage from the Upper Ordovician Darriwillian graptolite 
stages.  The vertical movement on the fault is estimated as 1500 m (Harris, 1934).  Evidence exists that 
there were periods of activity in the late Tertiary period.  The Whitelaw fault terminates in the south 
against the Harcourt Granite. 
 
Birrigurra Fault – Curlewis Monocline 
This fault system that bounds the northern side of the Bellarine Peninsular is mentioned due to the two 
mineral water occurrences as discrges from the sediments disturbed by the fault.  Much has been 
gleened from modern seismic profiles conducted by petroleum companies along the western protion of 
the fault.  In common with many of the coastal margin faults it appears to follow a resurgent pattern 
with a reversal of direction of movement. 
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Figure 1. Major Faults of Central Victorian surrounding the Mineral Springs Region. 
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Appendix 03 04 Orientation of Reefs in Cornish Mines, Daylesford. 
 
 
Reef Name Equivalent 
name 
depth strike W dip Width Movement 
metres 
North Cornish Mine 
Cornish Reef  170  50-60 1 30 horizontal 
Roman Eagle west branch  N35W    
Black or Cornish east branch  N25W    
Eastern Reef    68  8 vertical 
       
Bernard’s Shaft 
Collier   N20W 70   
Sandstone   N20W 70   
Cornish   N20W 70   
Crown   N20W 70   
Counter lode   N40E SW70   
Strata    N20W E 55 – 65   
   Whitelaw and Baragwanath (1914).   
 
 
Milkmans Reef
Peerless Reef
Mauritius Reef
Crown Reef
Black Cornish Reef
Colliers Reef
Colbern’s Reef
Hepburn “ Frenchmans” Reef
Reefs Identified by
Taylor (1893)
Wonderful Reef
Ajax Reef
West
Pitchers Reef
Cornish Reef
Sandstone Reef
White Hills Reef
Florence Reef
Princess Alexandra Reef
Eureka Reef
Quartz Reef
Taylor 1893 Daylesford Quarter Sheet
Basalt
After Taylor 1893
Daylesford
Quarter Sheet
4 km
Hepburn Mineral Spring
Welshmans Gully
Commissioner Reef
Pitchers Reef
White Hills Reef Eureka Reef
Ajax Reef
Magazine Reef
Sandstone Reef
Florence Reef
Princess Alexandra Reef
Argyle Gully
Nuggety Reef
Fiddlers Gully
Colliers Reef
Colbern’s Reef
Black Cornish Reef
Crown Reef
Hepburn Reef
Milkmans Reef
Mauritius Reef
Wonderful Reef
Peerless Reef
Daylesford
Township
 
 
Figure 1. Alignment of the reefs on the Daylesford Gold-field showing the position of the 
Cornish Line of reefs (after Taylor, 1893). 
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30
97
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191
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76 m
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179 m
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44 m
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Figure 2. Mine sections along the Cornish Line of workings through the Daylesford Gold-
field (modified from Whitelaw and Baragwanath, 1923). 
 
 
Shugg 2004: Appendix 03.04  Orientation of Reefs in Cornish Mines 2
0 1
Km
2
Freehold United
Dunstans Tunnel
Cornish Reef
Bonnards (Cornish) Shaft
New Specimen Hill Shaft
Old Specimen Hill Shaft
Hepburn Reef
White Hill Shaft
Central 
Jubilee Lake
Frenchmans Reef Mine
Hepburn Springs
Shanahans Lane
Sailors Falls 
Fairy Dell
Sailors Flat
Sailors Creek
Bagnall's
Old Tom
Muirs
North Cornish
Hepburn (13)  Victory Tunnel
Ajax Line 
Cornish  Line  
 
Basalt
109
214
255
295
Bonnards Shaft on
the Cornish Line
Open
Cut
Open
Cut
30
97
121
254
276
297
67
37
22
Based on Whitelaw and Baragwanath (1914, 1923) ; by A Shugg 2002
2 nd order
initial major 
failures
failures
Whitefield
Gully
Frenchmans Reef
Zone of 
Dilation
Anticline
0  metres  100
Zone of
Contraction
W EHepburn
Mine Cross Sections on the Cornish Line of Workings
North Cornish Mine
on the Cornish Line
Frenchmans
  Reef Mine
0 1
Km
2
Freehold United
Du nstan s Tunn el
Cornish Shaft
Bonnards 
New Specimen Hill Shaft
Old Sp ecimen Hi ll Sh aft
Hepb urn  Reef
White Hill Shaft
Ce ntra l 
Jubilee Lake
Frenchmans Reef Mine
Hepburn Springs
Sha nahans  Lane
Sailors Falls  
Fairy Dell
Sailors Flat
Sailors Creek
Bagnall's
Old Tom
Muirs
North Cornish
Hepb urn  (13)  Victory Tunn el
Ajax Line
Co rnish Line
South to North
The structures on the Cornish Line can be traced over 7 km from 
the New Specimen Hill Mine in the south of the Daylesford
Goldfield through the Cornish mines northwards to Frenchmans 
A Shugg 2002 
Reef Mine to White Hills Shaft and through Hepburn Reserve  
 
Figure 3. Location of mines and sections along the Cornish Line of Reefs. 
 
Shugg 2004: Appendix 03.04  Orientation of Reefs in Cornish Mines 3
 
Appendix 03.05 The names of the major outcropping meridional quartz reefs “fissures” mapped in the catchment 
of the Hepburn Mineral Spring Reserve (after Taylor 1893, Whitelaw 1922). 
 
West 
Taylor (1893) Mines Names (Whitelaw, 1922)  Reef – Lode – Fault 
William Tell William Tell   
Ajax Christensen’s, Nuggety Trafalgar, Nuggety Ajax, North Nuggety Ajax Central, Ajax, Ajax North 
Magazine Cameron Ajax Mine   
Consolidated Ajax Consolidated Mine  
   
Doctors Reef 
Pitchers Reef 
Colliers Reef 
Swiss Mount Swiss Mount Mine   
  Hepburn (Pavilion) Mineral Spring (MS 27) 
   White Hills Reef 
   Georges-Euginie Reef 
Cornish Victoria Cornish, South Cornish, Frenchmans Reef  Cornish Reef 
   Crown Reef 
   St Georges Reef 
Specimen Hill New Specimen Hill Mine  Frenchmans Reef - Hepburn Reef – Wombat Hill 
Reef 
   Mauritius Reef 
   Milkman Reef 
  Wyuna Spring (MS 28) 
   Eureka Reef-Florence Reef 
   Wonderful Reef 
   Princess Alexandrina 
   Perrins Reef 
  Argyle Spring (MS 31) 
Rising Star Rising Star   
East 
   Refer to the Technical Notes on Hepburn Spring for plots of mine positions and the extract from Taylor’s 1893  map. 
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Appendix 04.01 Recharge Computations for the Mineral Water Flow 
Systems of Central Victoria. 
 
The computations presented are also available in spreadsheet form and have been referred to in the 
Mineral Water Allocation Guidelines (SKM, 2004). 
 
Methodology 
 
 1. Identification of the mineral spring sub catchments; 
 2. Mapping of the spring flow catchments; 
 3. Identification of the recharge area at the crest of the dividing range; 
 4. List of the following for each flow system; 
  1. Name of the springs; 
  2. Flow from spring eyes; 
  3. Allocations from existing and old licenses; 
  4. Allocations to public springs. 
 
Outcomes 
 1. Surface outflow sums. 
 2. Back calculation of recharge areas and rates to produce a through flow. 
 
Cautions 
1. The flux is a major consideration in the formation of the waters - rates of reaction in the 
rock mass. 
2. The occurrence in bore holes elsewhere suggest NaHCO3 waters can be developed in 
shallow system also, 
 Therefore, local and intermediate recharge is an issue. 
3. Density of drilling of the bedrock areas is very small, distorts sample. 
 
List of Flow Systems 
 
 
Northern Catchments 
Recharge Areas 
at crest of the 
GDR, two divides 
 N1 Newstead – Joyce’s Creek R1 
 N1a Charlies Hope 
 N2 Eganstown Line – Deep Creek   R2 
 N2a Derby mine 
 N3 William Tell – Sailors Falls - Hendersons - Yandoit R3 
 N4 Ajax – Shanahan’s - Central - Jim Crowe R4 
 N4a Nuggety Mine – Bee Hive Mine 
 N5 Cornish Line – Jubilee - Hepburn - Limestone - Strangways R5 
 N5a Muckleford – Walmer 
 N6 Bullarto = Leitches - Woolnough R6 
 N7 Lyonville – Glenlyon - Walls - Vaughan R7 
 N7a Fryers – Castlemaine 
 N8 Ellis – Taradale R8 
 N9 Tylden – Kyneton - Turpin Falls R9 
 N11 Flowerdale R14 
South Catchments 
 S1 Clarendon S1 
 S2 Black Hill – Gordon R1 
 S3 Spargo Creek - Gunsser’s - Shaw's Ballan R2-R5 
 S4 Blackwood R8 
 S5 Goodmans - Coimadai R10 
 S7 Donnybrook - Somerton R12 
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          Mineral Water Flow Sytems of Central Victoria. 
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Detailed Tabulation of Spring Flow and Recharge Estimates for each Spring and Flow System. 
 
Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
Total  (CA/QT) 
LU as % of 
System Total 
(LU/QT) 
N1 Newstead 
- Joyces 
Creek 
Joyces Creek 229 R1 32.5 0.063  
 Newstead 0.063  
N1a Charlies 
Hope 
Charlies Hope 80  
N2 Eganstow
n Line -
Deep 
Creek 
Strangway 15004 77 R2  
 Deep Creek (1) Brandy Hot 
Spring 
0.4  
 Deep Creek (2) McGuiness 
Spring 
0.1  
 Deep Creek (3) Tala Spring 0.1  
 Deep Creek (4) Crystal or Deep Creek Spring -
overflow 
3.4 18 18 11.1  
 Corinella 1.4  
 Eganstown 0.1 5 5 1.4  
 Endacott Spring at Ballarat Tunnel 0.1  
N2a Derby 
mine 
Derby mine 26  
N3 William Tell - Sailors Falls - Hendersons 
- Yandoit 
82 R3  
 Yandoit (CA 4G) 0.1  
 Yandoit (CA 4H)  
 Pick Pocket Workings  
 Strangway 10007  
 Boots Gully  (Hendersons) 0.300  
 Tucker Point (Basalt) 0.221  
 Bald Hill 0.1  
 Fairy Dell 0.252  
 Tipperary 0.953  
 Tipperary Bore  - Wombat 
10043 
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
LU as % of 
System Total 
Total  (CA/QT) (LU/QT) 
 Tipperary Bore  - New Bore 
2001 
 
 Golden (1) Point 0.1  
 Golden (2) Wattle 
(Eganstown) 
 
 Sailors Flat (1) Spring 0.347  
 Sailors Flat (2) mineral water 
bore 
20  
 Sailors Flat (3) mineral water 
bore 
 
 Sailors Flat (4) mineral water 
bore 
 
 Sailors Creek (north) 0.1  
 Bagnall's  
 Old Tom Creek  - Sailors 
Creek 
0.1  
 Sailors Falls (1) circular pit on; eastern "wishing Well" hand 
pump 
0.227  
 Sailors Falls (2) trench draining to creek; western 0.389  
 Muirs  
 Muirs Bottling Spring 3  
 Rasmussen - Lavender Farm  
 Sailors Creek (south)  
N4 Ajax - Shanahan - Central - Jim Crowe 57 R4  
 Lithia (Elevated Plains Soda) 1.199  
 Rodoni bore 5 5  
 Central (01) Sutton (trench) 2.492  
 Central (02) Sutton (bore with hand 
pump N) 
 
 Central (03) Sutton (bore with hand 
pump S) 
 
 Central (04) Sutton (seep NE of hand 
pumps) 
 
 Central (05) Wagga 0.842  
 Central (06) Central - Hard Hills (Trench E pipe) 1.442  
 Central (07) Central - Hard Hills (Trench S pipe)  
 Central (08) Central - hand pump N  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
LU as % of 
System Total 
Total  (CA/QT) (LU/QT) 
 Central (09) Central - hand pump middle  
 Central (10) Central - hand pump S  
 Central (11) Leggatt north  
 Central (12) Leggatt south  
 Liberty 0.217  
 Shanahans Lane - north of New Specimen mine  
N4a Nuggety 
Mine -
Bee Hive 
Mine 
Bee Hive & Eaglehawk 
Mines 
 
N5 Cornish Line - Jubilee - Hepburn - 
Limestone - Strangways 
127 R5  
 Steele's Pioneer Mine  
 Limestone Creek (Gilmore's) 0.315 35  
 Limestone Creek - MW bore 10003  
 Limestone Creek - MW bore 10004  
 Limestone Creek - MW bore 10005  
 Limestone Creek - MW bore 10006  
 Limestone Creek - MW bore 10007  
 Limestone Creek - MW bore 10008  
 Murphy's  (Franklinford) 0.473  
 Dry Diggings  (1) 0.205  
 Dry Diggings  (2)  
 Dry Diggings  (3)  
 Glenlyon (Veletti)  
 Hepburn (01) Emergency 
Bore 
10 10 10  
 Hepburn (02)  Soda  
 Hepburn (03)  Pavilion hand pump, bore  
 Hepburn (04)  Main, Pavilion, bottling plant cellar 7.884 5 5 5  
 Bottling Factory extraction rate - 7.2 ML/a mean 
rate 
 
 Hepburn (05)  Locarno (given 8012 & 
8035) 
10.407  
 Hepburn (06)  Sulphur (Laing 
29) 
 
 Hepburn (07)  Wyuna Eye 1.577  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
LU as % of 
System Total 
Total  (CA/QT) (LU/QT) 
 Hepburn (08)  Wyuna bore hand pump (Laing 30)  
 Hepburn (09)  
 Hepburn (10)  
 Hepburn (11)  Argyle (1) 0.293  
 Hepburn (12)  Argyle (2)  
 Victory Tunnel  
 Jubilee Lake (Soda) 0.520  
 Golden 0.326  
 Walnut Tree 3 3 0  
 Hamiltons New Bore (RWA - need to review, not mineral water, too 
large allocation) 
29 29 0  
N5a Muckleford - Walmer  
N6 Bullarto = Leitches - Woolnough 106 R6  
 Woolnough's Crossing  (1) 0.1  
 Woolnough's Crossing  (2)  
 Woolnough's Crossing  (3)  
 Woolnough's Crossing  (4)  
 Woolnough's Crossing  (5) Boltons bore 5 2.5  
 Gooches (Kangaroo Creek) 0.221  
 Neville and Cooks Mineral Water bore  
 Wheatsheaf Mineral Water 
bore 
10 10 1.5  
 Leitches Creek (1) old bottling cellar pit 1.617  
 Leitches Creek (2) hand pump  
 Bullarto  
 Bullarto - Filidale source  17.5  
 Baird's  
N7 Lyonville - Glenlyon - Walls - Vaughan 172 R7  
 Vaughan (1) (Jim Paull - 
Vaughan) 
0.473  
 Vaughan (2) (Lawsons)  
 Vaughan (3) (Swimming 
Pool) 
 
 Vaughan (4) (Central No. 1 - Central)  
 Vaughan (5) (Central No. 2)  
 Vaughan (6)  
 Vaughan (7)  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
LU as % of 
System Total 
Total  (CA/QT) (LU/QT) 
 Vaughan (8) (Glen Luce abandoned 
1998) 
 
 Vaughan (9) (Glen Luce) 6.370  
 Stony Creek (Fryers) 0.631  
 Glenlyon (1) Recreation Reserve hand pump in 
rotunda 
 
 Glenlyon (2) Recreation Reserve Spout near car 
park 
1.261  
 Glenlyon (3) Taurina Mineral Water 
Bore 
15  
 Loddon River (Glenlyon 
Forest) 
 
 Coliban or "Ord's"  
 Brigg's (Foster 1930)  
 Lyonville (01)  
 Lyonville (02) On Fosters 
Map 
 
 Lyonville (03) trench 1.519  
 Lyonville (04) hand pump in rotunda  
 Lyonville (05) site of Old MS  
 Lyonville (06) (site of Old 
MS) 
 
 Lyonville (07) (Pound 
Paddock) 
 
 Lyonville (08)  
 Lyonville (09)  
 Lyonville (10) (Township) 0.1 10 0.3  
 Walls  
N7a Fryers -
Castlemai
ne 
 131  
N8 Ellis -
Taradale 
Taradale 362 R8  
 Ellis at Ellis Falls  
N9 Tylden - Kyneton - Turpin Falls 298 R9  
 Turpin Falls (1) 0.850  
 Turpin Falls (2)  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
Total  (CA/QT) 
LU as % of 
System Total 
(LU/QT) 
 Black Creek  
 Boggy Creek (1) rotunda (Lauriston 1) 8.883  
 Boggy Creek (2) hand pump on bore 
south 
 
 Boggy Creek (3) bottling bore, south of 
HP 
2.4 0.9  
 Boggy Creek (4) Shire bore 
(S) 
 
 Boggy Creek (5) Shire bore 
(N) 
 
 Boggy Creek (6) new bore beside the 
Rotunda 
 
 Kyneton 0.1  
 Upper Coliban Reservoir  
 Upper Coliban Reservoir  
 Tylden Springs 0.1 2.5 1.25  
 Tylden (2)  
N13 Flowerda
le 
Flowerdale (1) Break O' Day 
(1) 
220 R14  
 Flowerdale (2) Break O' Day 
(2) 
 
 Flowerdale (3) King Parrot  
South Catchments  
S1 Williams
on Creek 
– 
Clarendo
n 
Clarendon 150 S1 40 0.063 nil  
S2 Black 
Hill -
Gordon 
 89 R1  
 Gordon Source - Cottonwood Valley 
Holdings 
40 40 10.6  
 Black Hill P/L - Brian Carey ? ?  
S3 Spargo Creek - Gunssers - Shaw's Ballan 226 R2-R5  
 Spargo Creek (1) Dry  
 Spargo Creek (2) Dry  
 Spargo Creek (3) (excavation - mine into hill - dry)  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
Total  (CA/QT) 
LU as % of 
System Total 
(LU/QT) 
 Spargo Creek (4) Old Rotunda Spring 1.637  
 Werribee River (1)  
 Werribee River (2) SandGlen MW bore 25  
 Gunssers (1)  
 Gunssers (2) Bottling Spring circular 
well 
0.470  
 Gunssers (3) small drain east side river 0.126  
 Gunssers (4) no name east side of river  
 Ballan Northern - hand pump   
 Ballan pipe and façade east side of creek 0.793  
 Ballan Ludol Mineral Water bore 15  
 Kurrabri Park  
 Carrolls (1)  
 Carrolls (2) Hell Hole Gully - Werribee R Picnic 
Area 
0.289  
 Hogans (1)  
 Hogans (2)  
 Frechot's  
S4 Blackwo
od 
Blackwood (1) south or Soda 101 R8 0.315  
 Blackwood (2) north 0.447  
 Blackwood (3)  
 Blackwood (4)  
S5 Goodmans - Coimadai 237 R10  
 Goodmans Creek – 
Goodman’s 
30  
 Comadia - Lake Merrimu – 
Pyrites Creek 
50  
S7 Donnybr
ook -
Somerton
Donnybrook Spa 650 R12 1.514 1 1  
Recharge Areas at crest of the GDR, two 
divides 
 
R1  32.5  
R2  9.1  
R3  11.6  
R4  11.1  
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Cat 
No. 
Flow 
System 
Name 
Spring or Source in system Geologic
al 
Catchme
nt of 
Spring 
System 
km2 
Assoc. 
Recharge 
Area 
A  -  MW 
Recharge 
Area km2 
at GDR 
(R) 
Qe  -
ML/a  
Spring 
eye 
discharg
e ML/a 
based on 
average 
flow 
QB  -
Baseflow 
Estimates , 
based on 
Hepburn, 
factor 3 
QT = Q + 
QB,  ie 
Total as eye 
plus 
baseflow 
R = QB/A-
MW; 
As mm/a 
Recharge 
based on total 
flow/ recharge 
area 
Previous  & 
Current 
Authorised 
Allocations 
ML/a 
CA  -  Current 
Authorised 
Allocation ML/a
LU  -  Last Annual 
Use ML/a (2000) 
Current Allocation 
as % of System 
Total  (CA/QT) 
LU as % of 
System Total 
(LU/QT) 
R5  9.3  
R6  15.6  
R7  12.2  
R8  21.8  
R9  36.9  
R10  23.4  
R12  95  
R14  56  
Summaries   
N1 Newstead - Joyces Creek 229 R1 16.3 0.13 0.6 0.8 0.05 0.0 0.0 0.0 0.00  
N1a Charlies Hope 80  
N2 Eganstown Line - Deep Creek 77 R2 4.6 5.42 16.3 21.7 4.8 23.0 23.0 12.5 106% 58% 
N3 William Tell - Sailors Falls - Hendersons 
- Yandoit 
82 R3 5.8 3.00 9.0 12.0 2.1 23.0 0.0 0.0 0% 0% 
N4 Ajax – Shanahan - Central - Jim Crowe 57 R4 5.6 6.19 18.6 24.8 4.5 5.0 5.0 0.0 20% 0% 
N5 Cornish Line - Jubilee - Hepburn - 
Limestone - Strangways 
127 R5 4.7 22.00 66.0 88.0 18.9 82.0 47.0 15.0 53% 17% 
N6 Bullarto = Leitches - Woolnough 106 R6 7.8 1.90 5.7 7.6 1.0 32.5 10.0 4.0 132% 53% 
N7 Lyonville - Glenlyon - Walls - Vaughan 172 R7 6.1 10.32 31.0 41.3 6.8 25.0 0.0 0.3 0% 1% 
N8 Ellis - Taradale 362 R8 10.9 0.32 0.9 1.3 0.1 0.0 0.0 0.0 0% 0% 
N9 Tylden - Kyneton - Turpin Falls 298 R9 18.5 9.86 29.6 39.4 2.1 4.9 0.0 2.2 0% 5% 
N13 Flowerdale 220 R13 28.0 0.32 0.9 1.3 0.0 0.0 0.0 0.0 0% 0% 
Summary North Flowing Systems 1810 108 59.4 178.6 238.0 195.4 85.0 34.0 36% 14% 
   
S1 Williamson Creek – Clarendon 150 S1 40.0 0.06 0.3 0.3 0.01 nil 0.0 0.0 0% 0% 
S2 Black Hill - Gordon 89 R1 16.3 0.00 0.0 0.0 0.00 40.0 40.0 10.6  
S3 Spargo Creek – Gunsser’s - Shaw's 
Ballan 
226 R2 - R5 20.6 3.31 13.3 16.6 0.81 40.0 0.0 0.0 0% 0% 
S4 Blackwood 101 R6 - R8 10.9 0.76 3.0 3.8 0.35 0.0 0.0 0.0 0% 0% 
S5 Goodmans - Coimadai 237 R10 11.7 0.00 0.0 0.0 0.00 0.0 0.0 0.0  
S7 Donnybrook - Somerton 650 R12 47.5 1.51 6.1 7.6 0.16 1.0 1.0 0.0 13% 0% 
   
Summary South Flowing Systems 1453 147 5.65 22.62 28.3 81 41 11 145% 37% 
Calibration for the flow estimates are based on the Hepburn system and may only apply to that system. The Hepburn flow system has the largest surface discharge and therefore the other flow 
system estimates may be high.  Note: Preliminary numerical modelling calibrated larger recharge rates over smaller areas and with significantly more discharge as base flow to the streams. 
Appendix 04.02 Boring Record Summary 
 
1 Boring Records of the Geological Survey of Victoria 
 
The Boring Records are the records of Mines Department and Geological Survey's drilling operations. 
The Geological Survey and Mines Department boring records span a period of over 100 years, 
commencing in the 1870's.   
 
The Boring Records are the records of Mines Department and Geological Survey's drilling operations. 
The Geological Survey and Mines Department boring records span a period of over 100 years.  A 
brief summary of the recorded activity in the Daylesford Region has been presented here to indicate 
the periods of activity in the springs reserves.  Unfortunately the various Mineral Springs Reserves 
Committees also independently drilled and equipped bores in the reserves and these do not appear on 
the register. 
 
Table 1. Summary of the boring activities of the Mines Department in the Mineral 
Springs Region. 
 
Year bore no Parish and details 
1885 - 1886 1 - 7 Wombat, the bores were shallow usually less than 29 m deep 
1885 1 - 3 Glenlyon, bores at Fryerstown 
1886 - 1891 1 - 4 Dean, Deep Lead drilling 
1886 1 - 3 Bullarto, shallow bores to Ordovician bedrock 
1886 1 - 7 Franklin, Deep Lead investigations 
1891 - 1892 4 - 20 Dean, Deep Lead drilling 
1925 - 1929 6 - 11 Fryers, Vaughan Mineral Springs 
 12- 14 Fryers, Glen Luce Mineral Springs 
1929 4 - 6 Bullarto, Lyonville Mineral Springs 
1929 8 - 17 Wombat, Central, Sutton and Jubilee Lake MS 
1961 18- 26 Wombat, Mineral Spring bores 
1972 27- 31 Wombat, Central - Sutton Springs bores 
1974 - 1975 32- 62 Wombat, Mineral Springs investigation 
1975 8 - 26 Franklin, Lithia Springs investigation bores 
1976 7 - 9 Lyonville, Mineral Springs investigation 
1978 63- 67 Daylesford Town Water investigations bores 
1981 4 Glenlyon, investigation bore 
1983 68- 70 Wombat, Drought Relief bores, Leitches Creek Rd 
1984 71- 73 Wombat, Drought Relief bores,  Hepburn Reservoir 
1991 150311 Wombat, emergency supply bore, Hepburn Reserve 
1999 - 2004 VMWC New or replacement mineral water bores at; 
Eastern Beach, Hepburn Soda, Hepburn Wyuna, Jubilee 
Lake, Kyneton, Leggatt’s, Leitches Creek, Taradale, 
Tipperary, and Vaughan 
 
A brief summary of the recorded activity in the Daylesford Region has been presented in Table 2 to 
indicate the periods of activity in the springs reserves.  Unfortunately the various Mineral Springs 
Reserves Committees also independently drilled and equipped bores in the reserves and these do not 
appear on the register. 
 
The earliest bore holes were drilled for gold exploration purposes.  Many of the Deep Lead systems that 
have no surface expression were traced using extensive drilling programs.  The first Mines Department 
                                                     
    1 A bore drilled in the HMSR by the Department of Conservation and Natural Resources for the refurbishment of the bath house. 
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bore to be used for mineral water extraction was Lauriston 1 located in the Boggy Creek Reserve outside 
Kyneton. 
 
Table 2. Summary of the Boring Activities of the Mines Department and Drilling in the 
Mineral Spring Region. 
 
Year Bore Parish Spring Position - details 
1885 – 1886 1-3 Wombat  Allot 1 Sec 7 
 4-6   Allot 6 Sec 7 
 7   Allot 6 Sec 7 
 6 7 
(probably) 
  These bores were shallow, ie. less than 29 m 
deep, and were drilled for deep lead 
exploration. 
1885 1-3 Glenlyon  Bores at Fryerstown 
1886 – 1891 1-4 Dean  Deep Lead drilling 
1886 1-3 Bullarto  Shallow bores in the Ordovician bedrock 
1886 1-7 Franklin  Deep Lead investigations 
1889 1-4 Lauriston Kyneton – 
Boggy Creek 
Deep Lead investigation Lauriston 1, was 
developed as the Boggy Creek Mineral Spring 
(MS10/10A) Kyneton. 
1891 – 1892 4-20 Dean  Deep Lead drilling 
1925 6-8 Fryers Vaughan At Vaughan B.R. p.37 
1928 9-11 Fryers Glen Luce At Glen Luce B.R. p.97 
1929 12-15 Fryers Glen Luce At Glen Luce B.R. p.120 
1929 4-6 Bullarto Lyonville Lyonville Mineral Springs 
1929 8-17 Wombat  Mineral Spring Bores 
 8  Sutton Spring 7.3 m & 1 L/s 
 9  Sutton Spring 6.4 m & 0.4 L/s 
 10  Sutton Spring 4.6 m & 0.9 L/s 
 11  Sutton Spring 6.1 m & 1 L/s 
 12  Jubilee Lake  
 13  Jubilee Lake No mineral water 
 14  Central Spring 8.5 m & 0.4 L/s 
 15  Central Spring Abandoned 
 16  Central Spring 9.8 m & fresh water 
 17  Central Spring 4.6 m & 0.4 L/s 
1930 No 
numbers 
 Golden  
Sutton 
Leggats 
Hepburn 
Baragwanath (1930, GSV UR 1930/36) 
reported on a number of bores drilled in this 
year, which have not been given numbers; four 
unnumbered bores were drilled at Sutton 
Spring, one unnumbered bore was drilled at 
Leggats Spring, and eight unnumbered bores 
were drilled in Hepburn Mineral Spring 
Reserve. 
1961 18 Wombat Allotment 19, 
Sec 4 
96 m 0.4 L/s 
 19  Allotment 6  
Sec 15 
41 m 0.4 L/s 
 20  Allotment 6  
Sec 6 
35 m 0.1 L/s 
1972 27-31 Wombat Central 
Springs 
 
 27-28  Hard Hills 
Spring,   
Near tiled area 
 29  Central Spring At the bandstand 
 30  Central Spring Near the steps to the trench 
1974 - 1975 32-62 Wombat  Mineral Springs Investigation 
 35  Table Hill North of Sutton Springs 
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Year Bore Parish Spring Position - details 
 36  Central 
Springs 
Hard Hill 
 59-62  Table Hill North of Sutton Springs 
  Wombat   
 37-39 Wombat HMSR Soda Spring 
 40-46  HMSR Locarno Spring 
 47-48  HMSR Pavilion Spring 
 49-53  HMSR Sulphur Spring 
 54-57  HMSR Wyuna Spring 
1975 8-26 Franklin  Lithia Springs 
1976 7-9 Lyonville   
1978 63-67 Wombat  Daylesford town water investigations 
1981 4 Glenlyon  Investigation bore 
1983 68-70 Wombat  Drought relief bores, on the Coomoora and 
Deadman's Deep Leads 
1984 70-73 Wombat Hepburn 
Reservoir 
Bores drilled at the Hepburn Reservoir 
1991 15031 Wombat HMSR Emergency western entrance to HMSR  
1999 - 2000 BCL  Corio Eastern Beach 
Geelong 
City of Geelong – Eastern Beach 
2000 BCL Lauriston Kyneton Replacement of Rotunda bore in the northern 
part of the reserve. 
2000  Wombat Leitches Creek Decommissioned the old bore and drilled a new 
bore into the quartz reef. 
2001 BCL Wombat Tipperary 
Spring 
Parks Victoria; Tipperary Point Daylesford 
     
2002  Taradale Taradale Decommissioned the headworks by Back 
Creek and drilled a new bore to the north. 
2002  Wombat Soda Soda at Hepburn at the Bath House 
2002  Wombat Jubilee Lake Decommissioned 1929 bore and drilled a 
replacement bore. 
2003 BCL Lauriston Kyneton  Replacement for the Shires bore, double 
grouted and at southern end of reserve. 
2003  Wombat Wyuna Decommissioned Nolan ITU unsuccessful bore 
at Wyuna and drilled replacement to 37 m, now 
flows. 
2004 BCL Wombat Leggatt’s Decommissioned Nolan ITU unsuccessful 37 
m bore and drilled replacement to 78 m. 
2004 BCL Fryers Vaughan 
Springs 
Decommissioned and replaced old Jim Paull 
and Lawson’s Springs.  New bores are 40 and 
32.5 m deep respectively, double grout 
construction 
 
For more details see Geological Survey maps at drafting branch X 1239/D/2 & X 1239/D/3 and the land 
survey notes of Mr. Reginald Fox of the Geological Survey Victoria.   
 
The Geological Survey Boring Records have been referred to as B.R. and the year of publication. 
 
Report on recent boring are held by the VMWC as company reports prepared by Nolan ITU and Sinclair 
Knight Merz. 
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APPENDIX 04.03 Specific Capacity Computed Hydraulic 
Conductivity For Ordovician Bedrock Bores On 
The Castlemaine 1:100 000 Sheet. 
 
This is data indicative of the aquifer performance and is included as supplementary information to 
pumping test data.  The quality and precision of collection my not be outstanding, but the volume of 
data compensates for this.  In many bores the penetration of the aquifer is partial and thus the specific 
capacity is not indicative of the transmissivity of the rock system, but may be used to ascertain the 
hydraulic conductivity of the portion of the aquifer developed.  A tabulation of the data is included in 
the spreadsheet - Castlemaine Specific Capacity from Aquifer v03.xls 
 
Data from the other shallow aquifer rocks in the region has been included for comparative purposes.  
The information has been obtained from the groundwater database derived largely from the 
Geological Surveys information and limited licensed bore data obtained in the last decade.  The data 
set was also reviewed by Heislers (1992).  Histograms have been plotted for the Basalt and 
Ordovician aquifers, data is a little sparse to warrant the presentation of the data from the granite in 
graphical form.  The populations is skewed by a number of larger values.  This may be sampling 
related as low permeability bores will be abandoned without testing. 
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Figure 1. Frequency Histograms for the bores in the Quaternary Basalt of the 
Castlemaine Region of Central Victoria. 
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Figure 2. Frequency Histograms for the bores in the Ordovician bedrock of the 
Castlemaine Region of Central Victoria. 
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Table 1. Tabulation of data from bores in the Castlemaine area of Central 
Victoria, percentiles for bore performance and estimates of specific 
capacity data.  
 
Castlemaine Area (defined by 1:100000 
Sheet) 
Percentile Quaternary 
Basalts 
Devonian 
Granites 
Ordovician 
Bedrock 
Depth developed m                              5% 5  9.275
50%  39.96
95%  79
n  552
Thickness developed m                    5% 5 1.0 1.6 1.0
50% 50 7 5 6
95% 95 31 11 37
n n 493 19 552
Rate m3/d                                            5% 5 6.5 0.0 0.0
50% 50 52 22 33
95% 95 764 59 259
n n 493 19 552
Specific Capacity m2/d                     5% 5 0.7 0.6 0.4
50% 50 4 1 4
95% 95 102 4 32
n n 41 3 76
Pot Specific Capacity                        5% 5 0.7 0.0 0.0
50% 50 5 1 2
95% 95 73 8 35
n n 454 20 518
Est Hydraulic Conductivity m/d       5% 5 0.09 0.0 0.0
50% 50 0.7 0.3 0.3
95% 95 10.8 3.2 5.2
n n 458 19 523
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Table 2. Tabulation of data from shallow bores in the Ordovician bedrock, 
percentiles derived from normal and log normal distributions.  
 
 
Castlemaine Area (defined by 1:100000 Sheet) 
Ordovician Bedrock Normal Distribution Log Normal Distribution 
Thickness developed m                    5% 1.0 1.2
50% 6 6
95% 37 38
n 552 546
Rate m3/d                                            5% 0.0 10.9
50% 33 33
95% 259 260
n 552 517
Specific Capacity m2/d                     5% 0.4 0.4
50% 4 3.6
95% 32 32
n 76 77
Pot Specific Capacity                        5% 0.0 0.48
50% 2 2.4
95% 35 37
n 518 486
Est Hydraulic Conductivity m/d       5% 0.0 0.05
50% 0.3 0.3
95% 5.2 5
n 523 493
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APPENDIX 04.04 Recorded Spring Flows from the Victorian 
Mineral Springs 
 
Collection of Flow Records 
 
The extant records of mineral spring flow rates are not comprehensive. No systematic record of spring 
flow has been initiated, even for the most prominent springs. Though this may be addressed in the 
Government Services Contract administered by the Department of Natural Resources and Environment. 
The Victorian Mineral Water Committee envisages that it will commence an environmental works 
program that will include flow measurements. 
 
The existing records of flow have been collected by Baragwanath (1906-1907, 1928-1930), Ferguson 
(circa 1905), Szabo (1974, 1976) and readings by Laing (1978-1981) and others. The records are 
generally associated with short bursts of activity. The flow rates cited in Rulikowska (1961, 1969) were 
readings taken by geologists from the Geological Survey usually in the period 1905-1910, in most 
instances this was data gathered by either Baragwanath or Ferguson.  
 
From 1998 flow readings from Locarno Spring and from Central Spring have been collected 
concurrently with the water level readings from the bores in the mineral spring reserves. 
 
Mineral Springs Committees 
 
In the period spanning 1991-1997 Shugg and Files of the Mineral Spring Committee collected flow 
readings from Locarno Spring and clearly identified the seasonal fluctuations of the springs flow.  Dating 
from 1999 data logger data is available from Hepburn Reserve after the VMWC had temperature, level 
and flow probes installed, see Technical Notes on Hepburn Spring for details. 
 
Geological Survey Study 1974-1977 
 
The readings collected from Springs by the Geological Survey by: Doug Stone (1972), Phil Macumber 
(1974), Lazlo Szabo (1974-1976, flow from several springs were cited for the year 1975) and Colin 
Laing (1978-1980). Readings in Laing (1977) were the average from several readings taken during a 
month of activity in February 1974, data collected by Lazlo Szabo. In Central Victoria the year 1974 was 
one of two consecutive wet years and these mineral spring flow rates may be considered to be above the 
normal. 
 
Fluctuations in Spring Flow 
 
The early records of the mineral springs noted the seasonal waxing and waning of spring flow. Rates of 
flow for the largest spring (Locarno) varies by more than 50% over a year. The large variation in flow 
due to seasonal effects has been recognised quite early at Lyonville and Hepburn Springs. 
Meteorological influences were noted by  
 
Diurnal fluctuations in spring flow in the reserve were noted in Skeats (1914), Szabo (1976) and Laing 
(1977).  The fluctuations are attributed to changes in atmospheric pressure. 
 
In the season of 1992-1993 a meteorologically in wet year for the region the mineral spring flows have 
recovered. In the same period Liberty Spring, Leitch's Spring and Gootches mineral springs were 
submerged by high stream stage. 
 
 
 
Shugg 2004; Appendix 04.04  Data of Spring Flow and Temperature 2
 
Changes in Spring Configuration 
 
An important qualification in the assessment of the spring flow is the consideration that the many spring 
outlets have changed or been developed between readings. This places an uncertainty on the spring flow 
data. An example is the Tipperary Spring which had its discharge focused by excavation and eye 
development works by the Borough of Daylesford in 1912. The flow rate from this spring changed from 
0.006 L/s before to 0.03 L/s after the development.  
 
Fresh Water Springs 
 
Several fresh water springs issuing from the basalt or deep lead contact zone with the Ordovician 
bedrock and these were mapped by Foster, Ferguson and Krause on the Geological Survey parish 
geological maps. In Daylesford the East Street Spring is one of the fresh water springs discharging from 
the basalt aquifer, it is developed with a concrete facade and has a 50 mm water pipe in its outlet, it flows 
at a rate in the range 0.5-3 L/s.  A similar spring is located at Franklinford and has a flow of 3-6 L/s. 
 
Picturesque Daylesford  
 
One of the most significant aspect of the spring flow from the Mineral Springs is that it provides an 
minimum estimate of the recharge to the deep groundwater flow system. In the 1920's a tourist brochure 
titled Picturesque Daylesford it was claimed that Hepburn Spring Reserve flow was 90 m3/d. The current 
estimates are that the combined spring flow in Hepburn Mineral Spring reserve is around 70 m3/d. The 
total daily flow from all of the springs appears in the central Victorian region is around 200-400 m3/d or 
70-140 ML/annum. This is considered a minimum estimate of the volume of groundwater discharging 
from the deep circulation system. 
 
Hepburn Mineral Spring Reserve 
 
In the above tabulation the Hepburn mineral spring has sometimes been referred to as the Hepburn Main 
Spring, the Hepburn Bottling Cellar, Hepburn Rotunda and the Hepburn Pavilion Spring.  
 
Flow measurements in the Hepburn Mineral Spring Reserve (HMSR) from 1914 must take into account 
the doming of the Wyuna Spring and the piping of water from the new spring down the reserve to other 
points of use. The doming of the new flow from the old Wyuna eye occurred after the period 1913-1914. 
The Wyuna spring eye had began to flow after the closure of the North Frenchmans Mine in 1914. The 
underground workings of the North Frenchmans Gold Mine cut conduit fissures through which mineral 
water ascended. The closure of the North Frenchmans alone did not see the flow of the springs restored, 
this did not occur until the more distant Frenchmans Reef mine was closed. Interestingly the 
underground intersection of fissures in the mines resulted in the relocation of mineral water discharge 
points in the Hepburn Mineral Spring Reserve. The mineral water started to emerge at Wyuna new 
domed eye (MS 28) and for a short while it became known as the New Spring (see Skeats, 1914). The 
New Spring (Wyuna domed eye) was 300 m east of the Pavilion Spring and 260 m east of the spring 
now called Locarno Spring and it flowed from a point 10 m higher in elevation. Skeats (1914) did not 
give an accurate position for Locarno Spring the lower eye in the creek, but rather that it flowed from an 
old eye. The flow from the New Spring (Wyuna domed eye) has from 1914 been piped down and 
redistributed to the other public springs of the reserve. From around 1914 Locarno Spring the lower eye 
in the creek was developed for public access and the bath house and the bottling plant operator gained 
access to Pavilion Spring. Around 1978 the bottling plant at Hepburn Spring was relocated. Now the 
Pavilion Springs discharge is scavenged for the new bath house and hydrotherapy centre at Hepburn 
Mineral Springs Reserve. Locarno Spring the public spring overflows into Welshmans Creek. 
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The monitoring of the Locarno Spring flow is augmented by extraction data from the emergency bore 
(Wombat 15031) which supplies the bath house with a portion of its mineral water supply. In April 1994 
the bath house used 0.6 ML of mineral water from the bore. 
 
Diminishing Flow 
 
Dunn (1910) indicated that the flow of the springs had diminished since the clearing of the land in the 
mid 19 century. Little hydrographic data exists to substantiate this thesis, though this does not render it 
incorrect. Another aspect of the spring flow records is that the eyes or discharge points have changed 
significantly over time. This has resulted from improvement of the eyes for public access or for 
commercial development.  
 
Tabulation of the extant records of flow from the mineral springs: 
 
MS Spring name Date L/s ~ ML/a T deg C Source or comments  
1 Daylesford Region 01/01/1920 1.050 33.1 Picturesque Daylesford 
3 Above Turpin Falls 01/01/1910 0.284 9.0 in Rulikowska 
3 Turpin Falls 01/01/1910 0.025 0.8 in Rulikowska 
3 Turpin Falls 30/09/1980 0.029 0.9 17.6 Laing 
7 Glen Luce 01/01/1910 0.202 6.4 in Rulikowska 
7 Glenluce 7A 05/12/2002 0.000 12.9 WaterEcoScience Ambient Temp 12.8 
7 Vaughan Central No.2 01/01/1910 0.021 0.7 in Rulikowska 
7 Vaughan Main Spring - Jim Paull 17/11/1929 0.015 0.5 in Rulikowska 
7 Vaughan - Jim Paull 7F 05/12/2002 0.000 13.2 WaterEcoScience Ambient Temp 12.6 
7 Vaughan - Lawson 7G 05/12/2002 0.000 13.8 WaterEcoScience Ambient Temp 12.7 
8 Fryers 07/08/1992 0.020 0.6 Shugg, approx 
9 Limestone Creek 01/01/1910 0.010 0.3 in Rulikowska 
10 Boggy Creek 18/03/1912 0.760 24.0 Bayly, Gov Chemist with site reading 
10 Boggy Creek 01/01/1919 0.380 12.0 Hunter in UR 1926/33 as diminishing flow 1912 - 1926. 
10 Boggy Creek 06/08/1926 0.000 Hunter, in UR 1926/33. 
10 Boggy Creek 10/07/1992 0.000 Shugg, nil surface flow, it is developed in the bores 
10 Boggy Creek (10A, ie seep at river 7 m from MS 10 
- Lauriston 1) 
18/03/1912 0.019 0.6 Bayly, Gov Chemist with site reading 
10 Boggy Creek Kyneton (Road) 10A 05/12/2002 0.000 12.6 WaterEcoScience Ambient Temp 12.4 
10 Boggy Creek Kyneton (Rotunda) 05/12/2002 0.000 14.9 WaterEcoScience Ambient Temp 14.7 
10 Boggy Creek Kyneton Bottling Works 10B 16/01/2003 0.000 19.1 WaterEcoScience Ambient Temp 23 
11 Murphys 01/01/1910 0.015 0.5 in Rulikowska 
16 Lithia 01/01/1903 0.050 1.6
16 Lithia 01/11/1906 0.053 1.7 in Skeats 1914 
16 Lithia 06/12/1906 0.053 1.7 Baragwanath 
16 Lithia 01/02/1914 0.030 0.9 in Skeats 1914 
16 Lithia 01/01/1920 0.053 1.7 Picturesque Daylesfd 
16 Lithia 31/01/1974 0.048 1.5 13.9 Szabo, mean monthly for Feb 
16 Lithia 01/02/1974 0.048 1.5 13.9 Laing 
16 Lithia 31/12/1974 0.056 1.8 13.2 Szabo 
16 Lithia 30/11/1975 0.058 1.8 12.9 Szabo 
16 Lithia 01/01/1976 0.054 1.7 Szabo (1976) average annual 
16 Lithia 30/11/1976 0.046 1.5 14.0 Laing 
16 Lithia 27/11/1997 0.048 1.5 B J Foley 
16 Lithia 16/03/1998 0.023 0.7 Shugg 
16 Lithia 16/06/1998 0.029 0.9 11.7 Shugg spring 11.7 and ambient 10.6 
16 Lithia 27/08/1998 0.042 1.3 Foley, SKM - DNRE 
16 Lithia 26/11/1998 0.039 1.2 Foley, SKM - DNRE 
16 Lithia 26/02/1999 0.025 0.8 Foley, SKM - DNRE 
16 Lithia 10/03/1999 0.033 1.0 Catherine Czapnik (Melb Uni) 
16 Lithia 23/03/1999 0.028 0.9 Catherine Czapnik (Melb Uni) 
16 Lithia 04/05/1999 0.025 0.8 Catherine Czapnik (Melb Uni) 
16 Lithia 09/05/1999 0.022 0.7 Catherine Czapnik (Melb Uni) 
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16 Lithia 28/05/1999 0.024 0.8 Catherine Czapnik (Melb Uni) 
16 Lithia 04/06/1999 0.030 0.9 Catherine Czapnik (Melb Uni) 
16 Lithia 23/06/1999 0.030 0.9 Catherine Czapnik (Melb Uni) 
16 Lithia 24/06/1999 0.033 1.0 Catherine Czapnik (Melb Uni) 
16 Lithia 09/08/1999 0.046 1.5 Catherine Czapnik (Melb Uni) 
16 Lithia 17/08/1999 0.059 1.9 Catherine Czapnik (Melb Uni) 
16 Lithia 25/08/1999 0.056 1.8 Catherine Czapnik (Melb Uni) 
16 Lithia 27/08/1999 0.051 1.6 Foley DNRE/SKM - Spring Flooded, dummy data for plot 
16 Lithia 26/09/1999 0.045 1.4 Catherine Czapnik (Melb Uni) 
16 Lithia 26/11/1999 0.042 1.3 Foley DNRE/SKM 
16 Lithia 25/08/2000 0.045 1.4 Foley DNRE/SKM 
16 Lithia 01/03/2001 0.018 0.6 Foley DNRE/SKM 
16 Lithia 24/05/2001 0.020 0.6 Foley DNRE/SKM 
16 Lithia 30/08/2001 0.034 1.1 Foley DNRE/SKM 
16 Lithia 03/12/2001 0.031 1.0 Foley DNRE/SKM 
16 Lithia 21/02/2002 0.024 0.8 Foley DNRE/SKM 
16 Lithia 29/05/2002 0.014 0.4 Foley DNRE/SKM 
16 Lithia 27/08/2002 0.020 0.6 Foley DNRE/SKM 
16 Lithia 16/01/2003 0.000 17.6 WaterEcoScience Ambient Temp 32.1 
16 Lithia 26/02/2003 0.009 0.3 Foley DNRE/SKM 
16 Lithia 28/05/2003 0.018 0.6 Foley DNRE/SKM 
16 Lithia 08/09/2003 0.026 0.8 Foley DNRE/SKM 
16 Lithia 27/11/2003 0.029 0.9 Foley DNRE/SKM 
16 Lithia 26/02/2004 0.016 0.5 Foley DNRE/SKM 
16 Lithia 27/05/2004 0.011 0.4 Foley DNRE/SKM 
17 Dry Diggings 31/12/1906 0.005 0.2 Baragwanath 
18 Dry Diggings 01/01/1980 0.008 0.3 Laing 
20 Woolnough's Crossing 01/01/1911 0.158 5.0 Ferguson 
20 Woolnough's Crossing 30/11/1977 0.000 14.1 Laing 
23 Woolnough's Crossing 30/11/1976 0.000 14.1 Laing 
20 Woolnough's Crossing 05/12/2002 0.000 12.6 WaterEcoScience Ambient Temp 12.3 
24 Glenlyon 30/11/1912 0.040 1.3 14.4 Ferguson 
24 Glenlyon 05/12/2002 0.000 17.8 WaterEcoScience Ambient Temp 16.4 
25 Hendersons 06/02/1992 0.007 0.2 Shugg 
25 Hendersons 05/11/1998 0.012 0.4 12.8 Shugg 
25 Hendersons - Boots Gully  16/01/2003 0.000 16.3 WaterEcoScience Ambient Temp 26.5 
26 Tucker Point 31/12/1906 0.007 0.2 Baragwanath 
27 Hepburn (Pavilion) - bottling cellar 01/01/3790 0.000 Dewatered by White Hills Mine 
27 Hepburn (Pavilion) - bottling cellar 01/11/1906 0.222 7.0 in Skeats, 1914 
27 Hepburn (Pavilion) - bottling cellar 06/12/1906 0.193 6.1 Baragwanath 
27 Hepburn (Pavilion) - bottling cellar 01/01/1910 0.126 4.0 in Rulikowska p.12 
27 Hepburn (Pavilion) - bottling cellar 01/08/1911 0.202 6.4 Skeats (1914) 
27 Hepburn (Pavilion) - bottling cellar 17/11/1911 0.000 Skeats (1914, dewatered) 
27 Hepburn (Pavilion) - bottling cellar 01/01/1915 0.379 12.0 after 1914 
27 Hepburn (Pavilion) - bottling cellar 01/01/1919 0.440 13.9 p. 93-94 Whitelaw & Baragwanath 1923 
27 Hepburn (Pavilion) - bottling cellar 01/02/1974 0.307 9.7 Szabo, mean monthly for Feb 
27 Hepburn (Pavilion) - bottling cellar 30/11/1974 0.250 7.9 14.0 Szabo (1976) 7 readings 
27 Hepburn (Pavilion) - bottling cellar 31/12/1974 0.247 7.8 Szabo (1976) 24 readings 
27 Hepburn (Pavilion) - bottling cellar 01/01/1976 0.307 5.8 Szabo (1976) average annual - from 6 mths obs ! 
27 Hepburn (Pavilion) - bottling cellar 03/09/1992 0.267 8.4 Files (MSAC) 
27 Hepburn (Pavilion) - bottling cellar 26/05/2000 0.170 5.4 Richard Church for VMWC 
27 Hepburn (Pavilion) - bottling cellar 13/02/2003 0.000 24.0 WaterEcoScience Ambient Temp 24 
27 Hepburn (Pavilion) - bottling cellar 11/06/2004 0.250 7.9 Robert Beard, Shire of Hepburn; pump set to allow overflow, utilise 
excess 
27 Locarno 01/02/1914 0.030 0.9 Lower new eye in the Ck Skeats (1914) 
27 Locarno 04/12/1929 0.213 6.7 13.3 F F Field ALR, M. 1002/1929 
27 Locarno 31/05/1972 0.330 10.4 Stone, 1230 ppm 
27 Locarno 28/06/1972 0.390 12.2 Stone, 1200 ppm 
27 Locarno 26/07/1972 0.410 13.0 Stone, 1180 ppm 
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27 Locarno 22/11/1972 0.381 12.0 Macumber, P. 
27 Locarno 31/01/1974 0.443 14.0 14.7 Szabo, mean monthly for Feb, 5 readings 
27 Locarno 30/11/1974 0.515 16.2 14.3 Szabo (1976) 8 readings 
27 Locarno 31/12/1974 0.472 14.9 14.6 Szabo (1976) 9 readings 
27 Locarno 31/01/1975 0.000 14.7 Lew 
27 Locarno 01/01/1976 0.431 13.6 Szabo (1976) average annual 
27 Locarno 28/05/1976 0.310 9.6 Szabo before pump test 
27 Locarno 28/05/1976 0.000 11:40 am 10 min after pump started on Wombat bore 
27 Locarno 18/06/1976 0.190 6.0 11:15 am, ten days after pump test 
27 Locarno 29/06/1976 0.330 10.4 after pump test 
27 Locarno 17/07/1976 0.330 10.4 after pump test 
27 Locarno 31/12/1976 0.443 14.0 14.4 Laing 
27 Locarno 01/02/1991 0.328 10.3 Files (MSAC) 
27 Locarno 01/04/1991 0.255 8.0 Shugg 
27 Locarno 01/05/1991 0.258 8.1 Files (MSAC) 
27 Locarno 04/08/1991 0.390 12.3 Shugg 
27 Locarno 06/12/1991 0.323 10.2 Shugg 
27 Locarno 06/02/1992 0.260 8.2 Shugg 
27 Locarno 27/02/1992 0.216 6.8 Files (MSAC) 
27 Locarno 30/03/1992 0.207 6.5 Files (MSAC) 
27 Locarno 10/07/1992 0.337 10.6 Shugg 
27 Locarno 07/08/1992 0.372 11.7 Shugg 
27 Locarno 05/02/1993 0.420 13.2 Shugg 
27 Locarno 05/02/1993 0.420 13.2 14.4 Shugg  
27 Locarno 02/04/1993 0.319 10.1 Shugg 
27 Locarno 19/07/1993 0.310 9.8 Files (MSAC) 
27 Locarno 17/09/1993 0.471 14.9 Shugg 
27 Locarno 05/11/1993 0.530 16.8 Shugg 
27 Locarno 10/12/1993 0.360 11.3 Shugg 
27 Locarno 10/05/1994 0.290 9.1 Files, W15031 -0.63 ML in April 
27 Locarno 16/06/1995 0.520 16.3 Files, after a period of rain storms 
27 Locarno 05/09/1996 0.500 15.9 Shugg after a wet August 
27 Locarno 17/10/1996 0.463 14.6 Foley DNRE/SKM 
27 Locarno 05/02/1997 0.343 10.8 Shugg a dry february 
27 Locarno 20/02/1997 0.320 10.0 Shugg a dry february 
27 Locarno 21/02/1997 0.347 11.0 Foley DNRE/SKM 
27 Locarno 13/03/1997 0.270 8.5 Shugg 
27 Locarno 19/03/1997 0.324 10.2 Foley DNRE/SKM 
27 Locarno 22/04/1997 0.266 8.4 Foley DNRE/SKM 
27 Locarno 07/05/1997 0.313 9.9 Shugg, 45 mm of rain in the preceeding 3 days 
27 Locarno 17/07/1997 0.230 7.1 Shugg, 4:00 pm 
27 Locarno 27/08/1997 0.309 9.8 Shugg, 2:30 pm 
27 Locarno 16/10/1997 0.352 11.1 13.1 Shugg, 3:00 pm, T=13.1 C , ambient T=13.9 C 
27 Locarno 05/05/1998 0.280 8.8 13.3 Shugg, 2:45 pm, T=13.3 C , ambient T=14.4 C 
27 Locarno 15/06/1998 0.255 8.0 12.8 Shugg, 12:45 pm, T=12.8 C , ambient T=11.6 C 
27 Locarno 15/06/1998 0.255 8.0 13.7 Shugg & Dighton  pH 6.15 Eh 83 mv  DO 0.25 
27 Locarno 27/08/1998 0.307 9.7 Foley, SKM - DNRE 
27 Locarno 08/10/1998 0.418 13.2 Foley DNRE/SKM 
27 Locarno 29/10/1998 0.323 10.2 Foley, SKM - DNRE 
27 Locarno 26/11/1998 0.332 10.5 Foley, SKM - DNRE 
27 Locarno 23/12/1998 0.330 10.4 Foley, SKM - DNRE 
27 Locarno 29/01/1999 0.275 8.7 Foley, SKM - DNRE 
27 Locarno 26/02/1999 0.269 8.5 Foley, SKM - DNRE 
27 Locarno 01/04/1999 0.229 7.2 Foley, SKM - DNRE 
27 Locarno 28/04/1999 0.222 7.0 Shugg, 2:20 pm 
27 Locarno 30/04/1999 0.228 7.2 Foley, SKM - DNRE 
27 Locarno 20/05/1999 0.243 7.7 Foley, SKM - DNRE 
27 Locarno 27/08/1999 0.395 12.5 Foley, SKM - DNRE 
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27 Locarno 26/11/1999 0.305 9.6 Foley, SKM - DNRE 
27 Locarno 22/12/1999 0.293 9.3 Foley, SKM - DNRE 
27 Locarno 01/01/2000 0.305 9.6 Foley, SKM - DNRE 
27 Locarno 29/06/2000 0.232 7.3 Shugg VMWC; spring outlet restored - renovated 
27 Locarno 25/08/2000 0.312 9.8 Foley, SKM - DNRE 
27 Locarno 31/08/2000 0.237 7.5 Shugg VMWC 
27 Locarno 29/09/2000 0.375 11.8 Foley, SKM - DNRE 
27 Locarno 30/10/2000 0.432 13.6 Foley, SKM - DNRE 
27 Locarno 22/12/2000 0.291 9.2 Foley, SKM - DNRE 
27 Locarno 31/01/2001 0.303 9.5 Foley, SKM - DNRE 
27 Locarno 01/03/2001 0.225 7.1 Foley, SKM - DNRE 
27 Locarno 15/03/2001 0.167 5.3 Shugg and Bartley for VMWC 
27 Locarno 27/04/2001 0.220 6.9 Shugg and Bartley for VMWC 
27 Locarno 18/09/2001 0.167 5.3 Endacott VMWC; during restoration works 
27 Locarno 25/10/2001 0.300 9.5 New configuration, and after the new seacrete dome 
27 Locarno 24/05/2001 0.000 New configuration, spring flow diverted 
27 Locarno 28/06/2001 0.000 New configuration, spring flow diverted 
27 Locarno 27/07/2001 0.000 New configuration, spring flow diverted 
27 Locarno 30/08/2001 0.000 New configuration, spring flow diverted 
27 Locarno 27/09/2001 0.000 New configuration, spring flow diverted 
27 Locarno 23/10/2001 0.000 New configuration, spring flow diverted 
27 Locarno 03/12/2001 0.000 New configuration, spring flow diverted 
27 Locarno 20/12/2001 0.000 New configuration, spring flow diverted 
27 Locarno 31/01/2002 0.000 New configuration, spring flow diverted 
27 Locarno 21/02/2002 0.000 New configuration, spring flow diverted 
27 Locarno 28/03/2002 0.214 6.7 New configuration, flow reading 
27 Locarno 28/05/2002 0.000 New configuration, flow reading, spring closed 
27 Locarno 26/11/2002 0.040 1.3 New configuration, flow reading, spring closed 
27 Locarno 05/12/2002 0.000 12.6 WaterEcoScience Ambient Temp 12.4 
27 Locarno 18/12/2002 0.004 0.1 New configuration, flow reading, spring closed 
27 Locarno 31/01/2003 0.105 3.3 New configuration, Brian Foley SKM 
27 Locarno 26/02/2003 0.017 0.5 New configuration, Brian Foley SKM 
27 Locarno 28/03/2003 0.136 4.3 New configuration, Brian Foley SKM 
27 Locarno 28/05/2003 0.031 1.0 New configuration, Brian Foley SKM 
27 Locarno 30/09/2003 0.232 7.3 New configuration, Brian Foley SKM 
27 Locarno 31/10/2003 0.201 6.3 New configuration, Brian Foley SKM 
27 Locarno 27/11/2003 0.178 5.6 New configuration, Brian Foley SKM 
27 Locarno 29/01/2004 0.174 5.5 New configuration, Brian Foley SKM 
27 Locarno 26/02/2004 0.089 2.8 New configuration, Brian Foley SKM 
27 Locarno 31/03/2004 0.033 1.0 New configuration, Brian Foley SKM 
27 Locarno 27/05/2004 0.056 1.8 New configuration, Brian Foley SKM 
27 Soda 31/01/1975 0.000 14.0 Lew 
27 Soda 05/12/2002 0.000 12.8 WaterEcoScience Ambient Temp 9.8 
27 Sulphur 31/01/1975 0.000 15.1 Szabo (1976), Laing (1977) 5 readings 
27 Sulphur 31/01/1975 0.000 15.0 Lew 
27 Sulphur 26/05/1976 0.000 14.3 Shugg during pump test, EC was 2120 micro mohs/cm 
27 Sulphur 05/12/2002 0.000 14.2 WaterEcoScience Ambient Temp 13 
28 Wyuna  01/10/1912 0.152 4.8 Skeats (1914) 
28 Wyuna  28/10/1912 1.515 47.8 Whitelaw 1200 gallons per hour, due to Kidd Gully WR into FR 
Mine 
28 Wyuna  01/01/1914 0.076 2.4 Skeats (1914) 
28 Wyuna  01/02/1914 0.057 1.8 Skeats (1914) 
28 Wyuna  31/01/1974 0.000 14.4 Szabo, from 7 readings in Feb 
28 Wyuna  31/01/1975 0.000 14.8 Lew 
28 Wyuna  26/05/1976 0.000 11.9 Shugg during pump test, EC was 1780 micro mohs/cm, creek 10.8 
28 Wyuna  01/09/2002 0.000 Shugg - old eye excavated, some flow into creek from twin pipes, 
no measurement 
27 Wyuna  05/12/2002 0.000 13.5 WaterEcoScience Ambient Temp 13.2 
31 Argyle 08/12/1906 0.017 0.5 Baragwanath 
31 Argyle 01/02/1914 0.005 0.2 Skeats (1914) 
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31 Argyle 04/12/1929 0.015 0.0 12.8 F F Field ALR, M. 999/1929 
31 Argyle 01/03/1991 0.000 Shugg, at hand pump by creek 
31 Argyle 13/02/2003 0.000 25.6 WaterEcoScience Ambient Temp 25.6 
32 Kangaroo Creek 31/12/1906 0.007 0.2 Baragwanath 
35 Fairy Dell 31/12/1906 0.008 0.3 Baragwanath 
36 Tipperary 01/01/1900 0.006 0.2 Original flow, undeveloped 
36 Tipperary 01/11/1906 0.014 0.4 in Skeats (1914) 
36 Tipperary 06/12/1906 0.014 0.4 Baragwanath 
36 Tipperary 09/09/1910 0.014 0.4 E.J. Dunn 
36 Tipperary 01/01/1912 0.032 1.0 Horsfall, after development 
36 Tipperary 01/02/1914 0.018 0.6 in Skeats (1914) 
36 Tipperary 04/12/1929 0.041 0.0 12.8 F F Field GSV Laboratory M993-4/1929, floor 0.023 side 0.018 L/s 
36 Tipperary 01/02/1974 0.045 1.4 14.4 Szabo, from mean daily rate in Feb 
36 Tipperary 30/11/1974 0.059 1.9 13.3 Szabo (1976), pipe1=2.28 & T=13.0 pipe2=2.82 & T=13.5 
36 Tipperary 31/12/1974 0.051 1.6 13.6 Szabo (1976), pipe1=2.09 & T=13.9 pipe2=2.33 & T=13.9 
36 Tipperary 31/01/1975 0.022 0.7 14.5 Laing 
36 Tipperary 01/01/1976 0.050 1.6 Szabo (1976) average annual 
36 Tipperary 31/07/1991 0.022 0.7 11.7 Shugg 
36 Tipperary 04/08/1991 0.023 0.7 Shugg 
36 Tipperary 06/02/1992 0.021 0.7 Shugg 
36 Tipperary 29/08/1992 0.038 1.2 Shugg 
36 Tipperary 05/02/1997 0.039 1.2 Shugg 
36 Tipperary 20/02/1997 0.030 1.1 Shugg 
36 Tipperary 05/03/1998 0.054 1.7 Tweed, pipe1=1.47 pipe2=3.2 
36 Tipperary 16/03/1998 0.029 0.9 Shugg; low flow in creek  - stagnating pools stage 
36 Tipperary 29/05/1998 0.028 0.9 13.1 Tweed, pipe1=1.38 & T=13.1 pipe2=1.04 & T=12.4 
36 Tipperary 21/06/1998 0.033 1.0 10.9 Tweed, pipe1=1.56 & T=10.9 pipe2=1.3 & T=10.3 
36 Tipperary 21/07/1998 0.031 1.0 11.8 Tweed, pipe1=1.64 & T=11.8 pipe2=1.04  
36 Tipperary 24/08/1998 0.033 1.0 11.3 Tweed, pipe1=1.64 & T=11.3 pipe2=1.21 & T=11 
36 Tipperary 10/04/2001 0.021 0.7 Shugg, gas in creek under the foot bridge quite noticable 
36 Tipperary 20/11/2002 0.000 Shugg, new façade and renovation by Parks Victoria 
36 Tipperary Pit 16/01/2003 0.000 15.0 WaterEcoScience Ambient Temp 20.2 
36 Tipperary Pump 16/01/2003 0.000 15.5 WaterEcoScience Ambient Temp 18.1 
36 Tipperary 20/02/2003 0.018 0.6 Shugg, gas in new bore really fizzy 
36 Tipperary 16/04/2003 0.019 0.6 Shugg 
37 Brandy Hot 06/02/1992 0.013 0.4 Shugg 
38 Deep Spring 01/11/1906 0.242 7.6 in Skeats (1914) 
38 Deep Spring 06/12/1906 0.242 7.6 Baragwanath - from 2 pipes 
38 Deep Spring 06/12/1906 0.183 5.8 Baragwanath (gas) 
38 Deep Spring 01/02/1914 0.220 6.9 in Skeats (1914) 
38 Deep Spring 04/12/1929 0.133 4.2 13.3 F F Field, ALR  M. 997/1929 
38 Deep Spring 17/01/1978 0.071 2.2 Laing, at overflow pipe 
38 Deep Spring 06/02/1992 0.024 0.8 Shugg, at overflow pipe 
38 Deep Spring 02/05/1998 0.040 1.3 14.8 Tweed (Melb Uni) 
38 Deep Spring 29/05/1998 0.036 1.1 14.7 Tweed (Melb Uni) 
38 Deep Spring 22/06/1998 0.021 0.7 8.8 Tweed (Melb Uni) 
38 Deep Spring 21/07/1998 0.033 1.0 10.8 Tweed (Melb Uni) 
38 Deep Spring 24/08/1998 0.040 1.3 11.6 Tweed (Melb Uni) 
38 Deep Spring 16/01/2003 0.000 18.6 WaterEcoScience Ambient Temp 21.1 
41 Sutton Spring 01/11/1906 0.031 1.0 in Skeats (1914) 
41 Sutton Spring 06/12/1906 0.030 0.9 Baragwanath 
41 Sutton Spring 01/02/1914 0.028 0.9 in Skeats (1914) 
41 Sutton Spring 27/11/1929 0.044 0.0 12.2 F F Field GSV Laboratory M991/1929, hand pumps also 12.8 C 
41 Sutton Spring 04/06/1936 0.000 P. Scott Williams 
41 Sutton Spring 31/01/1974 0.048 1.5 13.3 Szabo, mean monthly; p1=13.2C, 2.36 m3/d p2=13.5C, 1.8m3/d 
41 Sutton Spring 31/12/1974 0.000 13.1 Szabo (1976)  
41 Sutton Spring 31/01/1975 0.000 13.8 Szabo 
41 Sutton Spring 30/11/1975 0.000 12.7 Szabo (1976)  
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41 Sutton Spring 01/01/1976 1.157 36.5 Szabo (1976) flow estimate based on HCO3 in stream 
41 Sutton Spring 27/08/1998 0.052 1.6 Foley, SKM - DNRE 
41 Sutton Spring 08/10/1998 0.060 1.9 Foley, SKM - DNRE 
41 Sutton Spring 08/10/1998 0.060 1.9 Foley, SKM - DNRE 
41 Sutton Spring 29/10/1998 0.056 1.8 Foley, SKM - DNRE 
41 Sutton Spring 26/11/1998 0.050 1.6 Foley, SKM - DNRE 
41 Sutton Spring 04/12/1998 0.045 1.4 Shugg 
41 Sutton Spring 23/12/1998 0.054 1.7 Foley, SKM - DNRE 
41 Sutton Spring 29/01/1999 0.052 1.7 Foley, SKM - DNRE 
41 Sutton Spring 26/02/1999 0.056 1.8 Foley, SKM - DNRE 
41 Sutton Spring 01/04/1999 0.053 1.7 Foley, SKM - DNRE 
41 Sutton Spring 30/04/1999 0.051 1.6 Foley, SKM - DNRE 
41 Sutton Spring 20/05/1999 0.045 1.4 Foley, SKM - DNRE 
41 Sutton Spring 15/06/1999 0.050 1.6 Shugg 
41 Sutton Spring 27/08/1999 0.074 2.3 Foley, SKM - DNRE 
41 Sutton Spring 26/11/1999 0.052 1.6 Foley, SKM - DNRE 
41 Sutton Spring 22/12/1999 0.043 1.3 Foley, SKM - DNRE 
41 Sutton Spring 28/01/2000 0.048 1.5 Foley, SKM - DNRE 
41 Sutton Spring 29/06/2000 0.050 1.6 Shugg VMWC; refurbished new dome and pipe from eye 
41 Sutton Spring 25/08/2000 0.078 2.5 Foley, SKM - DNRE 
41 Sutton Spring 06/09/2000 0.061 1.9 Shugg VMWC; under drain flow is 0.016 L/s 
41 Sutton Spring 29/09/2000 0.063 2.0 Foley, SKM - DNRE 
41 Sutton Spring 30/10/2000 0.103 3.3 Foley, SKM - DNRE 
41 Sutton Spring 22/12/2000 0.079 2.5 Foley, SKM - DNRE 
41 Sutton Spring 31/01/2001 0.076 2.4 Foley, SKM - DNRE 
41 Sutton Spring 01/03/2001 0.074 2.3 Foley, SKM - DNRE 
41 Sutton Spring 28/03/2001 0.082 2.6 Foley, SKM - DNRE 
41 Sutton Spring 27/04/2001 0.083 2.6 Foley, SKM - DNRE 
41 Sutton Spring 24/05/2001 0.075 2.4 Foley, SKM - DNRE 
41 Sutton Spring 28/06/2001 0.063 2.0 Foley, SKM - DNRE 
41 Sutton Spring 27/07/2001 0.057 1.8 Foley, SKM - DNRE 
41 Sutton Spring 30/08/2001 0.067 2.1 Foley, SKM - DNRE 
41 Sutton Spring 27/09/2001 0.068 2.1 Foley, SKM - DNRE 
41 Sutton Spring 23/10/2001 0.079 2.5 Foley, SKM - DNRE 
41 Sutton Spring 03/12/2001 0.069 2.2 Foley, SKM - DNRE 
41 Sutton Spring 20/12/2001 0.065 2.0 Foley, SKM - DNRE 
41 Sutton Spring 31/01/2002 0.057 1.8 Foley, SKM - DNRE 
41 Sutton Spring 21/02/2002 0.053 1.7 Foley, SKM - DNRE 
41 Sutton Spring 28/03/2002 0.065 2.0 Foley, SKM - DNRE 
41 Sutton Spring 29/05/2002 0.060 1.9 Foley, SKM - DNRE 
41 Sutton Spring 27/06/2002 0.068 2.1 Foley, SKM - DNRE 
41 Sutton Spring 25/07/2002 0.067 2.1 Foley, SKM - DNRE 
41 Sutton Spring 27/08/2002 0.060 1.9 Foley, SKM - DNRE 
41 Sutton Spring 20/11/2002 0.063 2.0 Shugg 
41 Sutton Spring Pit 11/12/2002 0.000 16.2 WaterEcoScience Ambient Temp 17.6 
41 Sutton Pump north 11/12/2002 0.000 16.5 WaterEcoScience Ambient Temp 17.6 
41 Sutton Pump A south 11/12/2002 0.000 17.1 WaterEcoScience Ambient Temp 17.6 
41 Sutton Spring 18/12/2002 0.048 1.5 Foley, SKM - DNRE 
41 Sutton Spring 31/01/2003 0.050 1.6 Foley, SKM - DNRE 
41 Sutton Spring 20/02/2003 0.040 1.3 Shugg, creek flow down, algae blooming, gas escape near the 
sandstone ribs 
41 Sutton Spring 26/02/2003 0.044 1.4 Foley, SKM - DNRE 
41 Sutton Spring 28/03/2003 0.044 1.4 Foley, SKM - DNRE 
41 Sutton Spring 28/05/2003 0.043 1.4 Foley, SKM - DNRE 
41 Sutton Spring 08/09/2003 0.048 1.5 Foley, SKM - DNRE 
41 Sutton Spring 31/10/2003 0.058 1.8 Foley, SKM - DNRE 
41 Sutton Spring 27/11/2003 0.048 1.5 Foley, SKM - DNRE 
41 Sutton Spring 29/01/2004 0.057 1.8 Foley, SKM - DNRE 
41 Sutton Spring 26/02/2004 0.060 1.9 Foley, SKM - DNRE 
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41 Sutton Spring 31/03/2004 0.054 1.7 Foley, SKM - DNRE 
41 Sutton Spring 27/05/2004 0.048 1.5 Foley, SKM - DNRE 
42 Central - Hard Hills 01/11/1906 0.021 0.7 in Skeats (1914) 
42 Central - Hard Hills 06/12/1906 0.021 0.7 Baragwanath 
42 Central - Hard Hills 01/02/1914 0.009 0.3 in Skeats 1914 
42 Central - Hard Hills 01/01/1929 0.020 0.6 Baragwanath 
42 Central - Hard Hills 27/11/1929 0.070 0.0 12.2 FF Field Gov Analyst, South pipe 12.2, east pipe11.7 C 
42 Central - Hard Hills 31/05/1972 0.040 1.2 Stone, 
42 Central - Hard Hills 28/06/1972 0.040 1.3 Stone,  1230 ppm 
42 Central - Hard Hills 26/07/1972 0.070 2.1 Stone,  1220 ppm 
42 Central - Hard Hills 31/01/1974 0.047 1.5 13.3 Laing trench pipes 1&2  
42 Central - Hard Hills 01/02/1974 0.048 1.5 Szabo, mean monthly for Feb 
42 Central - Hard Hills 30/11/1974 0.053 1.7 12.1 Szabo (1976) flow pipe 1 = 2.62, pipe 2 = 2.04 
42 Central - Hard Hills 31/12/1974 0.052 1.6 12.7 Szabo (1976) flow pipe 1 = 2.46, pipe 2 = 1.89 
42 Central - Hard Hills 31/01/1975 0.000 16.0 Lew, hand pump 1 
42 Central - Hard Hills 31/01/1975 0.000 17.1 Lew, hand pump 2 
42 Central - Hard Hills 31/01/1975 0.000 13.8 Szabo, trench pipe 1 
42 Central - Hard Hills 31/01/1975 0.000 13.5 Szabo, trench pipe 2 
42 Central - Hard Hills 01/01/1976 0.050 1.6 Szabo (1976) average annual - from 6 mths obs 
42 Central - Hard Hills 29/08/1992 0.062 2.0 Shugg (E & S pipes) 
42 Central - Hard Hills 05/11/1993 0.060 2.2 Shugg (E & S pipes) 
42 Central - Hard Hills 13/05/1994 0.040 1.2 Shugg (E & S pipes) 
42 Central - Hard Hills 17/10/1996 0.069 2.2 Foley DNRE/SKM 
42 Central - Hard Hills 20/02/1997 0.040 1.1 Shugg (E & S pipes) 
42 Central - Hard Hills 19/03/1997 0.035 1.1 Foley DNRE/SKM 
42 Central - Hard Hills 21/04/1997 0.035 1.1 Foley DNRE/SKM 
42 Central - Hard Hills 07/05/1997 0.042 1.3 Shugg (E & S pipes) 
42 Central - Hard Hills 15/06/1998 0.043 1.4 11.5 Dighton and Shugg E pipe 1.5 m3/d S pipe 2.2 m3/d; pH 6.18 Eh 75 
mv  DO 0.36 
42 Central - Hard Hills  15/06/1998 0.062 1.9 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills 16/06/1998 0.043 1.4 11.5 Shugg (E = 0.017 L/s & S = 0.026 L/s pipes) 
42 Central - Hard Hills 27/08/1998 0.052 1.6 Foley, SKM - DNRE P1=0.023, P2=0.0288 
42 Central - Hard Hills 08/10/1998 0.062 2.0 Foley, SKM - DNRE P1= 0.030, P2=0.032 
42 Central - Hard Hills 29/10/1998 0.053 1.7 Foley, SKM - DNRE P1=0.0258, P2= 0.027 
42 Central - Hard Hills 26/11/1998 0.045 1.4 Foley, SKM - DNRE P1=0.022, P2=0.023 
42 Central - Hard Hills 23/12/1998 0.043 1.3 Foley, SKM - DNRE P1=0.020, P2=0.023 
42 Central - Hard Hills 29/01/1999 0.038 1.2 Foley, SKM - DNRE P1=0.0183, P2=0.020 
42 Central - Hard Hills 26/02/1999 0.038 1.2 Foley, SKM - DNRE P1=0.0184, P2=0.019 
42 Central - Hard Hills 01/04/1999 0.037 1.2 Foley, SKM - DNRE P1=0.018, P2=0.019 
42 Central - Hard Hills 30/04/1999 0.035 1.1 Foley, SKM - DNRE P1=0.016, P2=0.019 
42 Central - Hard Hills 20/05/1999 0.035 1.1 Foley, SKM - DNRE P1=0.017, P2=0.018 
42 Central - Hard Hills  27/08/1999 0.077 2.4 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  26/11/1999 0.051 1.6 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  22/12/1999 0.042 1.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  28/01/2000 0.042 1.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  25/08/2000 0.031 1.0 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  29/09/2000 0.065 2.0 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  30/10/2000 0.074 2.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  22/12/2000 0.040 1.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  31/01/2001 0.037 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  01/03/2001 0.037 1.2 Foley DNRE/SKM (combined flow,  0.01785 & 0.0189) 
42 Central - Hard Hills  28/03/2001 0.046 1.4 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/04/2001 0.048 1.5 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  24/05/2001 0.043 1.4 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  28/06/2001 0.049 1.5 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/07/2001 0.049 1.6 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  30/08/2001 0.059 1.9 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/09/2001 0.054 1.7 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  23/10/2001 0.071 2.3 Foley DNRE/SKM (combined flow) 
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42 Central - Hard Hills  03/12/2001 0.050 1.6 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  20/12/2001 0.045 1.4 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  31/01/2002 0.039 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  21/02/2002 0.038 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  28/03/2002 0.040 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  29/05/2002 0.039 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/06/2002 0.054 1.7 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  25/07/2002 0.048 1.5 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/08/2002 0.046 1.4 Foley DNRE/SKM (combined flow) 
42 Central - Central Hand Pump 11/12/2002 0.000 17.6 WaterEcoScience Ambient Temp 17.6 
42 Central - Hard Hills 11/12/2002 0.000 15.9 WaterEcoScience Ambient Temp 17.6 
42 Central - Hard Hills  20/11/2002 0.038 1.2 Shugg 
42 Central - Hard Hills  31/01/2003 0.031 1.0 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  20/02/2003 0.030 1.0 Shugg 
42 Central - Hard Hills  26/02/2003 0.036 1.1 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  28/03/2003 0.033 1.0 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  28/05/2003 0.039 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  08/09/2003 0.054 1.7 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  31/10/2003 0.056 1.8 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/11/2003 0.041 1.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  29/01/2004 0.039 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  26/02/2004 0.040 1.3 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  31/03/2004 0.037 1.2 Foley DNRE/SKM (combined flow) 
42 Central - Hard Hills  27/05/2004 0.036 1.1 Foley DNRE/SKM (combined flow) 
45 Corinella Spring 23/02/1927 0.057 1.8 Baragwanath (UR 1927/4) 
45 Corinella Spring 04/12/1929 0.053 0.0 13.3 F F Field ALR, M 998/1929 
45 Corinella Spring 18/01/1978 0.015 0.5 Laing 
45 Corinella Spring 05/02/1993 0.050 1.6 Shugg 
46 Sailors Flat 31/12/1906 0.011 0.3 Baragwanath 
49 Leitches Creek Spring 01/01/1920 0.207 6.5 Picturesque Daylesford 
49 Leitches Creek Spring 01/01/1978 0.030 0.9 Laing 
49 Leitches Creek Spring 15/06/1999 0.028 0.9 9.4 Shugg 
49 Leitches Creek Spring 28/01/2000 0.051 1.6 Foley SKM, DNRE 
49 Leitches Creek Spring 29/06/2000 0.048 1.5 Shugg VMWC 
49 Leitches Creek Spring 06/09/2000 0.073 2.3 Shugg VMWC 
49 Leitches Creek Spring 29/09/2000 0.085 2.7 Foley SKM, DNRE 
49 Leitches Creek Spring 30/10/2000 0.111 3.5 Foley SKM, DNRE 
49 Leitches Creek Spring 22/12/2000 0.072 2.3 Foley SKM, DNRE 
49 Leitches Creek Spring 31/01/2001 0.051 1.6 Foley SKM, DNRE 
49 Leitches Creek Spring 01/03/2001 0.033 1.0 Foley SKM, DNRE 
49 Leitches Creek Spring 28/03/2001 0.021 0.7 Foley SKM, DNRE 
49 Leitches Creek Spring 27/04/2001 0.020 0.6 Foley SKM, DNRE 
49 Leitches Creek Spring 24/05/2001 0.013 0.4 Foley SKM, DNRE 
49 Leitches Creek Spring 28/06/2001 0.029 0.9 Foley SKM, DNRE 
49 Leitches Creek Spring 27/07/2001 0.048 1.5 Foley SKM, DNRE 
49 Leitches Creek Spring 30/08/2001 0.059 1.9 Foley SKM, DNRE 
49 Leitches Creek Spring 27/09/2001 0.064 2.0 Foley SKM, DNRE 
49 Leitches Creek Spring 23/10/2001 0.047 1.5 Foley SKM, DNRE 
49 Leitches Creek Spring 03/12/2001 0.044 1.4 Foley SKM, DNRE 
49 Leitches Creek Spring 20/12/2001 0.042 1.3 Foley SKM, DNRE 
49 Leitches Creek Spring 31/01/2002 0.034 1.1 Foley SKM, DNRE 
49 Leitches Creek Spring 21/02/2002 0.031 1.0 Foley SKM, DNRE 
49 Leitches Creek Spring 28/03/2002 0.025 0.8 Foley SKM, DNRE 
49 Leitches Creek Spring 25/07/2002 0.047 1.5 Foley SKM, DNRE 
49 Leitches Creek Spring 26/08/2002 0.008 0.3 Foley SKM, DNRE 
49 Leitches Creek Spring 26/11/2002 0.044 1.4 Foley SKM, DNRE 
49 Leitches Creek Spring 18/12/2002 0.035 1.1 Foley SKM, DNRE 
49 Leitches Creek - Spring Pit 16/01/2003 0.000 14.2 WaterEcoScience Ambient Temp 18.2 
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49 Leitches Creek - Pump 16/01/2003 0.000 14.0 WaterEcoScience Ambient Temp 18 
49 Leitches Creek Spring 31/01/2003 0.016 0.5 Foley SKM, DNRE 
49 Leitches Creek Spring 26/02/2003 0.014 0.4 Foley SKM, DNRE 
49 Leitches Creek Spring 08/09/2003 0.052 1.6 Foley SKM, DNRE 
49 Leitches Creek Spring 31/10/2003 0.057 1.8 Foley SKM, DNRE 
49 Leitches Creek Spring 27/11/2003 0.041 1.3 Foley SKM, DNRE 
49 Leitches Creek Spring 19/01/2004 0.037 1.2 Foley SKM, DNRE 
49 Leitches Creek Spring 26/02/2004 0.022 0.7 Foley SKM, DNRE 
49 Leitches Creek Spring 31/03/2004 0.010 0.3 Foley SKM, DNRE 
49 Leitches Creek Spring 27/05/2004 0.000 Foley SKM, DNRE 
51 Jubilee Lake Soda Spring 01/11/1906 0.033 1.0 in Skeats 1914 
51 Jubilee Lake Soda Spring 06/12/1906 0.033 1.0 Baragwanath 
51 Jubilee Lake Soda Spring 01/02/1914 0.000 in Skeats 1914 
51 Jubilee Lake Soda Spring 03/12/1929 0.000 12.8 Bore with hand pump,  F F Field , ALR M. 995/1929 
51 Jubilee Lake Soda Spring 27/04/2002 0.000 14.0 Shugg, insitu readings during drilling of new bore 
51 Jubilee Lake New Bore - soda spring 16/01/2003 0.000 18.4 WaterEcoScience Ambient Temp 18.1 
53 Lyonville 01/12/1922 0.000 Corben, Sec of Tourist Committee; nil flow in the summer of 1922 
53 Lyonville 04/12/1929 0.000 12.2 F F Field ALR M992/1929 
53 Lyonville 09/02/1924 0.047 1.5 Foster 
53 Lyonville 01/06/1924 0.199 6.3 Foster gave this as the average winter flow 
53 Lyonville 26/11/1927 0.064 2.0 Baragwanath 
53 Lyonville 01/02/1974 0.033 1.0 10.9 Szabo, mean monthly 
53 Lyonville 30/11/1974 0.045 1.4 10.6 Szabo 
53 Lyonville 31/12/1974 0.041 1.3 10.8 Szabo 
53 Lyonville 31/01/1975 0.000 11.0 Lew 
53 Lyonville 21/01/1978 0.013 0.4 Laing 
53 Lyonville 01/03/1991 0.000 Shugg - pipe in the trench, note this system periodically gets 
blocked 
53 Lyonville 02/04/1993 0.040 1.2 Shugg - pipe in the trench 
53 Lyonville 16/01/2003 0.000 13.0 WaterEcoScience Ambient Temp 17.4 
60 Sailors Falls 04/12/1929 0.020 0.6 12.2 F F Field ALR M996/1929 
60 Sailors Falls, A (east) 04/08/1991 0.011 0.3 Shugg (circular pit - sometimes referred to as the wishing well) 
60 Sailors Falls, A (east) 05/11/1993 0.020 0.7 Shugg (circular pit) 
60 Sailors Falls, A (east) 05/09/1996 - 0.0 Shugg circular pit flooded 
60 Sailors Falls, A (east) 29/05/1998 0.010 0.3 11.1 Tweed (Melb Uni) 
60 Sailors Falls, A (east) 22/06/1998 0.011 0.3 8.2 Tweed (Melb Uni) 
60 Sailors Falls, A (east) 21/07/1998 0.014 0.4 10.8 Tweed (Melb Uni) 
60 Sailors Falls, A (east) 26/08/1998 0.008 0.3 11.9 Tweed (Melb Uni) 
60 Sailors Falls  A (east) Wishing Well 60A 11/12/2002 0.000 16.9 WaterEcoScience Ambient Temp 17.8 
60 Sailors Falls, B (west) 04/08/1991 0.005 0.2 Shugg (trench to ck) 
60 Sailors Falls, B (west) 05/11/1993 0.010 0.4 Shugg (trench to ck) 
60 Sailors Falls, B (west) 05/09/1996 0.007 0.2 Shugg 
60 Sailors Falls, B (west) 05/03/1998 0.005 0.2 11.9 Tweed (Melb Uni) 
60 Sailors Falls, B (west) 29/05/1998 0.004 0.1 10.7 Tweed (Melb Uni) 
60 Sailors Falls, B (west) 22/06/1998 0.004 0.1 7.9 Tweed (Melb Uni) 
60 Sailors Falls, B (west) 21/07/1998 0.005 0.2 10.1 Tweed (Melb Uni) 
60 Sailors Falls, B (west) 26/08/1998 0.011 0.3 12.4 Tweed (Melb Uni) 
60 Sailors Falls, B (west) 20/09/1999 0.014 0.4 Parsons SKM 
60 Sailors Falls  B (west) Trench Spring 11/12/2002 0.000 13.9 WaterEcoScience Ambient Temp 17.8 
64 Blackwood A (south) 23/02/1994 0.010 0.3 Shugg (Soda spring) 
64 Blackwood A (south) 04/05/1998 0.008 0.3 13.3 Tweed (Melb Uni) 
64 Blackwood A (south) 29/05/1998 0.007 0.2 12.5 Tweed (Melb Uni) 
64 Blackwood A (south) 22/06/1998 0.014 0.4 9.2 Tweed (Melb Uni) 
64 Blackwood A (south) 21/07/1998 0.010 0.3 10.0 Tweed (Melb Uni) 
64 Blackwood A (south) 26/08/1998 0.011 0.3 13.8 Tweed (Melb Uni) 
64 Blackwood A South - Soda 11/12/2002 0.000 13.4 WaterEcoScience Ambient Temp 13.3 
64 Blackwood B (north) 23/02/1994 0.020 0.5 Shugg 
64 Blackwood B (north) 04/05/1998 0.013 0.4 12.5 Tweed (Melb Uni) 
64 Blackwood B (north) 29/05/1998 0.011 0.3 11.2 Tweed (Melb Uni) 
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64 Blackwood B (north) 22/06/1998 0.017 0.5 9.9 Tweed (Melb Uni) 
64 Blackwood B (north) 21/07/1998 0.012 0.4 9.6 Tweed (Melb Uni) 
64 Blackwood B (north) 26/08/1998 0.012 0.4 11.7 Tweed (Melb Uni) 
64 Blackwood B (north) 11/12/2002 0.000 11.4 WaterEcoScience Ambient Temp 13.3 
68 Spargo Creek 22/07/1910 0.034 1.1 Mahoney GSV 
68 Spargo Creek 31/07/1991 0.037 1.2 10.6 Shugg 
68 Spargo Creek 04/08/1991 0.037 1.2 Shugg 
68 Spargo Creek 06/12/1991 0.063 2.0 Shugg, MSAC 
68 Spargo Creek 06/02/1992 0.060 1.9 Shugg 
68 Spargo Creek 03/04/1992 0.046 1.4 Shugg 
68 Spargo Creek 10/07/1992 0.037 1.2 Shugg 
68 Spargo Creek 07/08/1992 0.041 1.3 Shugg 
68 Spargo Creek 31/01/1993 0.100 3.1 11.1 Shugg 
68 Spargo Creek 05/02/1993 0.100 3.1 Shugg 
68 Spargo Creek 06/08/1993 0.057 1.8 Shugg 
68 Spargo Creek 17/09/1993 0.103 3.2 Shugg 
68 Spargo Creek 05/11/1993 0.110 3.6 Shugg 
68 Spargo Creek 10/12/1993 0.100 3.4 Shugg 
68 Spargo Creek 13/05/1994 0.060 1.9 Shugg 
68 Spargo Creek 18/10/1995 0.065 2.0 Shugg 
68 Spargo Creek 05/09/1996 0.090 2.8 Shugg 
68 Spargo Creek 05/02/1997 0.083 2.6 Shugg 
68 Spargo Creek 20/02/1997 0.060 1.8 Shugg 
68 Spargo Creek 13/03/1997 0.050 1.6 Shugg 
68 Spargo Creek 07/05/1997 0.043 1.4 Shugg, preceeding 3 day period had 45 mm rain 
68 Spargo Creek 17/07/1997 0.040 1.1 Shugg, 4:30 pm 
68 Spargo Creek 27/08/1997 0.043 1.4 Shugg, 3:15 pm 
68 Spargo Creek 04/09/1997 0.043 1.4 Shugg, 4:30 pm 
68 Spargo Creek 16/10/1997 0.050 1.6 9.7 Shugg, 9:30 am T=9.7 C, ambient T=13.3 
68 Spargo Creek 25/01/1998 0.067 2.1 Clingin 
68 Spargo Creek 16/03/1998 0.040 1.3 Shugg, 11:00 am 
68 Spargo Creek 02/05/1998 0.033 1.0 11.5 Tweed (Melb Uni) 
68 Spargo Creek 05/05/1998 0.033 1.1 11.1 Shugg, 3:30 pm, T=11.1 C, ambient T= 14.4 
68 Spargo Creek 29/05/1998 0.030 0.9 11.6 Tweed (Melb Uni) 
68 Spargo Creek 15/06/1998 0.029 0.9 11.0 Shugg & Dighton  pH 6.13 Eh 110 mv  DO 0.45 
68 Spargo Creek 16/06/1998 0.029 0.9 11.1 Shugg, 3:30 pm 
68 Spargo Creek 22/06/1998 0.029 0.9 9.7 Tweed (Melb Uni) 
68 Spargo Creek 21/07/1998 0.031 1.0 10.5 Tweed (Melb Uni) 
68 Spargo Creek 24/08/1998 0.029 0.9 9.7 Tweed (Melb Uni) 
68 Spargo Creek 05/11/1998 0.043 1.4 10.0 Shugg, 3:30 pm, ambient T=16.7 C 
68 Spargo Creek 25/11/1999 0.045 1.4 Shugg, 11:00 am 
68 Spargo Creek 29/06/2000 0.025 0.8 Shugg, 9:30 am 
68 Spargo Creek 31/08/2000 0.036 1.1 Shugg, 4:00 pm 
68 Spargo Creek 13/02/2001 0.059 1.9 Shugg; 2:00 pm 
68 Spargo Creek 15/03/2001 0.056 1.8 Shugg; 3:30 pm 
68 Spargo Creek 12/08/2001 0.059 1.9 Shugg; 4:30 pm 
68 Spargo Creek 25/10/2001 0.056 1.8 Shugg; 4:45 pm, seepage noted from MS 67 at tufa mound 
68 Spargo Creek 21/11/2002 0.030 0.9 Shugg; 6.15 pm, 
68 Spargo Creek 16/01/2003 0.000 13.0 WaterEcoScience Ambient Temp 24 
68 Spargo Creek 20/02/2003 0.025 0.8 Shugg; 2:00 pm 
68 Spargo Creek 16/04/2003 0.016 0.5 Shugg; 5:00 pm,  
68 Spargo Creek 07/06/2004 0.024 0.8 Shugg; 4:50 pm, new façade, one pipe 
70 Gunssers 06/02/1992 0.025 0.8 Shugg 
70 Gunssers 01/01/1999 0.000 Shugg, no flow from the bottling spring sump, minor seep from 71 
70 Gunssers 13/02/2001 0.020 0.6 Shugg, note winter flows are more substancial. 
71 Gunssers (2) 06/02/1992 0.002 0.1 Shugg 
71 Gunssers (2) 13/02/2001 0.006 0.2 Shugg, Ingram and Foley SKM; dug the channel out and allowed to 
flow to stabilise 
73 Donnybrook 01/12/1911 0.048 1.5 E.J. Dunn 
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75 Clarendon 13/02/2001 <0.005 0.0 A Shugg, discharge is mainly by evapotranspiration and there are 
seasonal variations. 
76 Geelong 20/02/1911 0.020 0.6 E.J. Dunn 
77 Geelong 20/02/1911 0.055 1.7 E.J. Dunn 
78 Geelong 20/02/1911 0.045 1.4 E.J. Dunn (West Sp) 
82 Clifton Spring 11/02/1992 0.033 1.0 Shugg 
82 Clifton Springs 31/12/1984 0.000 12.0 Elder 
97 Liberty Spring 04/12/1929 0.009 0.0 12.8 F F Field , ALR M. 1001/1929 
97 Liberty Spring 31/12/1977 0.006 0.2 12.8 Laing 
97 Liberty Spring 21/01/1981 0.006 0.2 Laing (1981) 
98 Golden Spring 04/12/1929 0.018 0.0 13.3 F F Field , ALR M. 1000/1929 
98 Golden Spring 31/12/1977 0.014 0.4 Laing (1981) 
98 Golden Spring 10/07/1992 0.002 0.1 Shugg, approx yld 
98 Golden Spring 05/09/1996 0.007 0.2 Shugg, leaks around facade 
98 Golden Spring 05/11/1998 0.011 0.3 Shugg, still leaks around façade, discharge to 30 m upstream 
98 Golden Spring 31/08/2000 0.000 Shugg, still leaks around façade, discharge +- 30 m in stream 
98 Golden Spring 16/01/2003 0.000 16.7 WaterEcoScience Ambient Temp 28.6 
99 Wagga 27/11/1929 0.027 0.0 12.2 FF Field Gov Analyst  
99 Wagga 31/05/1972 0.020 0.6 Stone, 1200 ppm 
99 Wagga 28/06/1972 0.020 0.6 Stone, 1200 ppm 
99 Wagga 26/07/1972 0.040 1.2 Stone, 1180 ppm 
99 Wagga 31/01/1974 0.027 0.8 13.9 Laing 
99 Wagga 01/02/1974 0.026 0.8 13.9 Szabo, mean monthly av 
99 Wagga 30/11/1974 0.030 1.0 12.2 Szabo (1976)  
99 Wagga 31/12/1974 0.000 13.8 Szabo (1976) 5 readings 
99 Wagga 31/12/1974 0.029 0.9 12.8 Szabo (1976)  
99 Wagga 30/11/1975 0.000 13.0 Szabo (1976) 9 readings 
99 Wagga 01/01/1976 0.028 0.9 Szabo (1976) average annual 
99 Wagga 29/08/1992 0.039 1.2 Shugg 
99 Wagga 05/11/1993 0.010 0.4 Shugg (leaks around facing) 
99 Wagga 13/05/1994 0.006 0.2 Shugg (leaks around facing) 
99 Wagga 20/02/1997 0.010 0.4 Shugg (leaks around facing) 
99 Wagga 07/05/1997 0.019 0.6 Shugg 
99 Wagga 27/08/1998 0.031 1.0 Foley, SKM - DNRE 
99 Wagga 08/10/1998 0.037 1.2 Foley DNRE/SKM 
99 Wagga 29/10/1998 0.030 0.9 Foley, SKM - DNRE 
99 Wagga 26/11/1998 0.028 0.9 Foley, SKM - DNRE 
99 Wagga 23/12/1998 0.026 0.8 Foley, SKM - DNRE 
99 Wagga 29/01/1999 0.027 0.9 Foley, SKM - DNRE 
99 Wagga 26/02/1999 0.025 0.8 Foley, SKM - DNRE 
99 Wagga 01/04/1999 0.026 0.8 Foley, SKM - DNRE 
99 Wagga 30/04/1999 0.025 0.8 Foley, SKM - DNRE 
99 Wagga 20/05/1999 0.025 0.8 Foley, SKM - DNRE 
99 Wagga 15/06/1999 0.026 0.8 Shugg 
99 Wagga 27/08/1999 0.000 Foley, SKM - DNRE - flooded 
99 Wagga 26/11/1999 0.030 0.9 Foley, SKM - DNRE 
99 Wagga 22/12/1999 0.027 0.8 Foley, SKM - DNRE 
99 Wagga 28/01/2000 0.028 0.9 Foley, SKM - DNRE 
99 Wagga 29/06/2000 0.025 0.8 Shugg VMWC; spring eye restored 
99 Wagga 25/08/2000 0.034 1.1 Foley, SKM - DNRE 
99 Wagga 06/09/2000 0.039 1.2 Shugg VMWC, under drain seepage rate is 0.016 L/s; upper 
leakage 
99 Wagga 29/09/2000 0.044 1.4 Foley, SKM - DNRE 
99 Wagga 30/10/2000 0.052 1.7 Foley, SKM - DNRE 
99 Wagga 22/12/2000 0.032 1.0 Foley, SKM - DNRE 
99 Wagga 31/01/2001 0.029 0.9 Foley, SKM - DNRE 
99 Wagga 01/03/2001 0.027 0.8 Foley, SKM - DNRE 
99 Wagga 28/03/2001 0.000 Foley, SKM - DNRE - flooded 
99 Wagga 27/04/2001 0.025 0.8 Foley, SKM - DNRE 
99 Wagga 24/05/2001 0.022 0.7 Foley, SKM - DNRE 
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99 Wagga 28/06/2001 0.024 0.7 Foley, SKM - DNRE 
99 Wagga 27/07/2001 0.022 0.7 Foley, SKM - DNRE 
99 Wagga 30/08/2001 0.027 0.8 Foley, SKM - DNRE 
99 Wagga 27/09/2001 0.028 0.9 Foley, SKM - DNRE 
99 Wagga 23/10/2001 0.066 2.1 Foley, SKM - DNRE 
99 Wagga 03/12/2001 0.026 0.8 Foley, SKM - DNRE 
99 Wagga 20/12/2001 0.024 0.8 Foley, SKM - DNRE 
99 Wagga 31/01/2002 0.021 0.7 Foley, SKM - DNRE 
99 Wagga 21/02/2002 0.019 0.6 Foley, SKM - DNRE 
99 Wagga 28/03/2002 0.022 0.7 Foley, SKM - DNRE 
99 Wagga 29/05/2002 0.020 0.6 Foley, SKM - DNRE 
99 Wagga 27/06/2002 0.033 1.0 Foley, SKM - DNRE 
99 Wagga 25/07/2002 0.022 0.7 Foley, SKM - DNRE 
99 Wagga 25/08/2002 0.017 0.5 Foley, SKM - DNRE 
99 Wagga 20/11/2002 0.018 0.6 Shugg 
99 Wagga 31/01/2003 0.016 0.5 Foley, SKM - DNRE 
99 Wagga 20/02/2003 0.016 0.5 Shugg, closed after bacterial reading after rain storm 
99 Wagga 26/02/2003 0.017 0.5 Foley, SKM - DNRE 
99 Wagga 28/03/2003 0.018 0.6 Foley, SKM - DNRE 
99 Wagga 11/12/2002 0.000 15.8 WaterEcoScience Ambient Temp 17.6 
99 Wagga 28/05/2003 0.023 0.7 Foley, SKM - DNRE 
99 Wagga 08/09/2003 0.025 0.8 Foley, SKM - DNRE 
99 Wagga 31/10/2003 0.039 1.2 Foley, SKM - DNRE 
99 Wagga 27/11/2003 0.022 0.7 Foley, SKM - DNRE 
99 Wagga 29/01/2004 0.021 0.7 Foley, SKM - DNRE 
99 Wagga 26/02/2004 0.021 0.7 Foley, SKM - DNRE 
99 Wagga 31/03/2004 0.019 0.6 Foley, SKM - DNRE 
99 Wagga 27/05/2004 0.021 0.7 Foley, SKM - DNRE 
103 Ballan 07/08/1992 0.032 1.0 Shugg, southern spring 
103 Ballan 10/12/1993 0.030 1.0 Shugg, southern spring 
103 Ballan 13/03/1997 0.020 0.5 Shugg, southern spring 
103 Ballan 27/08/1997 0.017 0.5 Shugg 4:30 pm; leaks around facing, reading may be low 
103 Ballan 05/11/1998 0.027 0.9 Shugg 5:00 pm; new black pvc pipe from the southern spring 
103 Ballan 25/10/1999 0.000 Shugg; spring flooded by creek 
103 Ballan 13/02/2001 0.000 Shugg, pipe disengaged cannot measure flow 
103 Ballan - South 16/01/2003 0.000 15.4 WaterEcoScience Ambient Temp 17.3 
103 Ballan 20/02/2003 0.000 Shugg, pipe submerged by water level build up in creek 
111 Carrolls (in Hell Hole Gully) 03/04/1992 0.010 0.3 Shugg - above Hell Hole Gully 
111 Carrolls (in Hell Hole Gully) 13/02/2001 0.009 0.3 Shugg - above Hell Hole Gully 
111 Carrolls (in Hell Hole Gully) 21/11/2002 0.009 0.3 Shugg - above Hell Hole Gully 
Bore Hepburn 15031 30/04/1991 1.262 39.8 15.5 Shugg 
Creek  Wombat Ck Sutton Spring 31/12/1974 0.000 19.9 Szabo 
Creek  Wombat Ck Sutton Spring 30/11/1975 0.000 18.8 Szabo 
Creek  Wombat Ck, Hard Hills 30/11/1974 0.000 19.4 Szabo 
Creek  Wombat Ck, Hard Hills 31/12/1974 0.000 20.8 Szabo 
Creek  Wombat Ck, Wagga Spring 30/11/1974 0.000 19.5 Szabo 
Creek  Wombat Ck, Wagga Spring 31/12/1974 0.000 20.4 Szabo 
FW 
Spring 
North Shore of Lake Jubilee 22/04/2002 0.143 4.5 12.6 Shugg, when the new Jubilee Lake bore was drilled, Tvn/Ord 
spring, EC 264 
FW 
Spring 
Fresh Water Spring Concordia Mine shaft near Hep 
Res 
15/06/1998 0.500 15.8 Shugg, flow of fresh water from adit in Ordovician below the Tvn 
FW 
Spring 
Devey's Tunnel 14/06/2004 0.250 7.9 Shugg, when Leggatt's Spring was being driller 
FW 
Spring 
Daylesford Township - Ruthven Street 14/06/2004 2.000 63.1 Shugg, when Leggatt's Spring was being driller 
 
 
 
 
 
 
Appendix 04.05 Groundwater Hydrographs. 
 
The first hydrographs are those from bores in the regional monitoring network outside the spring 
reserves. 
 
Bore numbers are the Parish - Old DITR number see table
Bore Key GDB
Wombat 63 104104
Wombat 65 104106
Wombat 69 104110  
 
WOMBAT 63      (104104)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 91.5533981 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 63
LOCATION DATA:
MAPNAME CASTLEMAINE EASTING 249750
MAP NO. 7723 NORTHING 5864550
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  591.500 CAS FROM
DEPTH   35.500 CAS TO
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1979
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Basalt 14.0 19.0 NKN 
CHEMISTRY DATA:
NO OF ANALYSES
DATE LAST SAMPLED
WOMBAT 63 / 104104 Basalt Aquifer
East Daylesford - Coomorra Rd
586
588
590
592
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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WOMBAT 65      (104106)
PRESENT STATUS: INACTIVE
MONITORING FREQ:  MONTHS
RELIABILITY INDEX: 94 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA:
MAPNAME CASTLEMAINE EASTING 250290
MAP NO. 7723 NORTHING 5864520
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  587.080 CAS FROM 0
DEPTH   43.000 CAS TO 12
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Basalt 12 43
CHEMISTRY DATA:
NO OF ANALYSES 12
DATE LAST SAMPLED 07-Sep-78
WOMBAT 65 / 104106 Basalt Aquifer
East Daylesford - Malmsbury Road
567
569
571
573
575
577
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
 
 
WOMBAT 69      (104110)   
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 92.6829268 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 69
LOCATION DATA:
MAPNAME CASTLEMAINE EASTING 251010
MAP NO. 7723 NORTHING 5862940
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  624.890 CAS FROM
DEPTH   28.000 CAS TO
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1986
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Basalt 19.00 22.00 NKN 
CHEMISTRY DATA:
NO OF ANALYSES
DATE LAST SAMPLED
WOMBAT 69 / 104110 Basalt Aquifer
East Daylesford - Leitches Creek Road
610
612
614
616
618
620
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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Central Spring Reserve 
 
Bore numbers are the Parish - Old DITR number see table
Bore Key GDB
Wombat 27 104068 Wombat 34 104075
Wombat 28 104069 Wombat 35 104076
Wombat 29 104070 Wombat 36 104077
Wombat 30 104071 Wombat 59 104100
Wombat 31 104072 Wombat 60 104101
Wombat 32 104073 Wombat 61 104102
Wombat 33 104074 Wombat 62 104103
Lake Daylesford
Wombat Creek
Hard Hills
Wagga
27
28
30
31
29
36
33
32
34
35
59
60
61
62
100 m
Table Hill
Sutton
anticline
thrust fault
Central Springs Mineral Spring Reserve
27MSI bore
320W60
330E55
355W65
350E55
350E70
345E65
335W75
abandoned bore
bore and hand pump
8
9
10
11
16
14
17
15
spring, trench
A Shugg last modified 2002
seepage
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WOMBAT 27      (104068)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA:
MAPNAME CASTLEMAINE EASTING 246050
MAP NO. 7723 NORTHING 5862040
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  516.400 CAS FROM
DEPTH   71.320 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 24.38 27.13
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 06-Dec-80
WOMBAT 27 / 104068 (OBA)
Hard Hills
514
515
516
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
WOMBAT 60      (104101)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 60
LOCATION DATA:
MAPNAME CASTLEMAINE EASTING 245700
MAP NO. 7723 NORTHING 5862800
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  548.850 CAS FROM
DEPTH   81.000 CAS TO
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1985
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 51.00 65.00 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 28-Jul-80
RW recovery 1985-1991, this is possibly due to the extraction testing program, or bore construction failure.
WOMBAT 60 / 104101 (OBA)
Table Hill above Sutton Spring
513
514
515
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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Lithia Spring Reserve 
 
Franklin GDB Monitored 2001
8 63733
9 63734 y
10 63735
11 63736 y
12 63737 y
13 63738
14 63739
15 63740 y
16 63741
17 63742 y
18 63743 y
19 63744 y
20 63745
21 63746
22 63747
23 63748 y
24 63749
25 63750 y
26 63751 0 20 40 60
metres
F22
F23 F24
F 17
F16
F20
F12
F15
F21
F13
F26
F9
F8
F10
F11
F25
F18
F19F14
steps
LITHIA SPRING RESERVE,  PARISH OF FRANKLIN
modified from Laing 1977 
AShugg 1999
Lithia Spring
Bores with water level data  
F13 = 63738,  F16 = 63741, F22 = 63747
Active monitoring bores July 1999
Spring calcrete in gully floor, 
1.5 m water fall
Rock work of old ruin
Site of shelter
 spring eye
  outlet
 
 
 
Lithia Springs Selected Hydrographs - Near Spring and Interfluve Ridge 
374
375
376
377
378
379
380
381
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 FRANKLIN 15 / 63740  - 9.6 - 10.1
 FRANKLIN 23 / 63748 - core of anticline 34.7 - 37 m
 FRANKLIN 17 / 63742 - core of anticline 14.4 - 16 m
Interfluve
Near Spring 
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FRANKLIN 9      (63734)
PRESENT STATUS: ACTIVE SOBN
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 98.4 data needs datum correction
ALTERNATIVE REFERENCE:
OBS 87 Spring Position
OBS 92 N/I 245322.7 5869609
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245301.5638
MAP NO. 7723 NORTHING 5869500 5869570.625
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  377.290 CAS FROM
DEPTH   25.000 CAS TO 16.7
CASING DIAMETER CAS TYPE PVC
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 8.5 15 slotted
CHEMISTRY DATA:
NO OF ANALYSES 4
DATE LAST SAMPLED 02-Apr-80
Comment: The apparent drop of ~ 0.5 m in the base level of the hydrograph after 1985 is attributed to a change in datum.
FRANKLIN 9 / 63734
Lithia Springs - western limb of the anticline
373
374
375
376
377
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 12      (63737)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 97.9591837 PERCENT
ALTERNATIVE REFERENCE:
OBS 87
OBS 92 12
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245323.4023 5869555.04
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  378.530 CAS FROM
DEPTH   19.000 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 6.00 9.50 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 7
DATE LAST SAMPLED 03-Dec-75
FRANKLIN 12 / 63737
Lithia Springs - western limb of the anticline
373
374
375
376
377
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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FRANKLIN 11      (63736)
PRESENT STATUS: ACTIVE
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 98.4 PERCENT
ALTERNATIVE REFERENCE:
OBS 87
OBS 92 11
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245304.0463 5869551.58
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  378.030 CAS FROM
DEPTH   29.000 CAS TO 6 m surface casing
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 8.55 11.80 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 3
DATE LAST SAMPLED 02-Apr-80
FRANKLIN 11 / 63736
Lithia Springs - western limb of the anticline
373
374
375
376
377
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 13      (63738)
PRESENT STATUS: INACTIVE
MONITORING FREQ:  MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
OBS 87
OBS 92
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245342.7944 5869558.5
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  382.670 CAS FROM
DEPTH   10.000 CAS TO 10
CASING DIAMETER 0 CAS TYPE PVC
YEAR CONSTRUCTED 1975
YEAR LAST MONITORED 1979
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 4.4 10 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 16-Mar-75
FRANKLIN 13 / 63738
Lithia Springs - western limb of the anticline
372
373
374
375
376
1970 1975 1980 1985 1990 1995 2000
YEAR
R
W
L
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FRANKLIN 15      (63740)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 98.4 PERCENT
ALTERNATIVE REFERENCE:
OBS 87
OBS 92 15
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245311.4217 5869573.06
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  377.800 CAS FROM
DEPTH   20.000 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 9.60 10.10 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 1
DATE LAST SAMPLED 02-Apr-75
FRANKLIN 15 / 63740
Lithia Springs - western limb of the anticline
373
374
375
376
377
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 16      (63741)
PRESENT STATUS: INACTIVE
MONITORING FREQ:  MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
OBS 87
OBS 92
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245380.1393 5869532.21
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  388.890 CAS FROM
DEPTH   13.500 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1975
YEAR LAST MONITORED 1979
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 10.7 11 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 1
DATE LAST SAMPLED 04-Apr-75
FRANKLIN 16 / 63741
Lithia Springs - eastern limb of the anticline
373
374
375
376
377
1970 1975 1980 1985 1990 1995 2000
YEAR
R
W
L
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FRANKLIN 17      (63742)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 98.4 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 17
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245381.9022 5869513.17
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  388.230 CAS FROM
DEPTH   16.500 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 14.40 16.00 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 02-Apr-80
FRANKLIN 17 / 63742
Lithia Springs - eastern limb of the anticline
373
374
375
376
377
378
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 18      (63743)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 93.2653061 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 18
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245375.9299 5869560.59
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  381.020 CAS FROM
DEPTH   24.000 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 10.50 13.20 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 5
DATE LAST SAMPLED 04-Aug-75
FRANKLIN 18 / 63743
Lithia Springs - eastern limb of the anticline
375
376
377
378
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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FRANKLIN 19      (63744)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 97.6984127 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245377.333 5869552.64
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  382.340 CAS FROM
DEPTH   20.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 10 14
CHEMISTRY DATA:
NO OF ANALYSES 4
DATE LAST SAMPLED 02-Apr-80
FRANKLIN 19 / 63744
Lithia Springs - eastern limb of the anticline
375
376
377
378
379
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 22      (63747)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 97.9166667 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245277.6026 5869720.84
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  396.030 CAS FROM
DEPTH   41.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED 1994
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 34.5 36
CHEMISTRY DATA:
NO OF ANALYSES 1
DATE LAST SAMPLED 26-Apr-75
FRANKLIN 22 / 63747
Lithia Springs - core of anticline
375
376
377
378
379
380
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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FRANKLIN 23      (63748)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 97.2222222 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245296.6349 5869723.63
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  398.780 CAS FROM
DEPTH   40.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 34.6 37
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 02-Apr-80
FRANKLIN 23 / 63748
Lithia Springs - core of anticline
377
378
379
380
381
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
FRANKLIN 25      (63750)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 97.6041667 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 245300 245300.1607 5869704.59
MAP NO. 7723 NORTHING 5869500
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION
CONSTRUCTION DATA:
RLNS  398.450 CAS FROM 0-6" surface casing
DEPTH   40.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll)
CHEMISTRY DATA:
NO OF ANALYSES
DATE LAST SAMPLED
FRANKLIN 25 / 63750  (OBA)
Lithia Springs - Core of anticline
377
378
379
380
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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Hepburn Mineral Spring Reserve 
 
Pavilion x new bcl Wombat 15031 104268 44 104085 52 104093
Locarno 8012 104126 37 104078 45 104086 53 104094
Wyuna 8013 104134 38 104079 46 104087 54 104095
39 104080 47 104088 55 104096
40 104081 48 104089 till 1989 56 104097
41 104082 49 104090 57 104098
42 104083 50 104091 58 104099
43 104084 51 104092
Monitored 2004
Anticline 
Hepburn 
Frenchman North
White Hills
N
Shaft
Shaft
GSV bore
Strike & dip
  m
Anticline  
“C ornish”  
Hepburn Mineral Spring Reserve - Geology and bore locations
Compiled by A Shugg 
Anticline
Mineral Spring
Anticline  
New Spring  
Mine Shaft
 
 
Water Levels in Hepburn Mineral Spring Reserve
430
432
434
436
438
440
442
444
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
Wombat 37 - Bathouse Wombat 40 - Locarno Wombat 56 - Wyuna
1983-1984 drought
Onset of extractions 
Emergency bore W15030, August 1993
Water Levels in Hepburn Mineral Spring Reserve
434
436
438
440
442
444
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L 
- W
om
ba
t 5
6
430.00
432.00
434.00
436.00
438.00
440.00
Wombat 56 - Wyuna Wombat 37 - Bathouse Wombat 40 - Locarno
1983-1984 drought
Onset of extractions 
Emergency bore W15031
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WOMBAT 48      (104089)
PRESENT STATUS: INACTIVE
MONITORING FREQ:  MONTHS
RELIABILITY INDEX: 97.7272727 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  441.000 CAS FROM
DEPTH   13.000 CAS TO 0
CASING DIAMETER 0 CAS TYPE unknown
YEAR CONSTRUCTED 1975
YEAR LAST MONITORED 1989
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 6 8.6 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 3
DATE LAST SAMPLED 06-Dec-80
WOMBAT 48 / 104089  (OBA)
Near Hepburn Spring
436
437
438
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
WOMBAT 37      (104078)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246420
MAP NO. 7723 NORTHING 5866740
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  432.590 CAS FROM
DEPTH   16.700 CAS TO
CASING DIAMETER CAS TYPE 3.5 m surface casing
YEAR CONSTRUCTED 1985
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 13.2 14
CHEMISTRY DATA:
NO OF ANALYSES 1
DATE LAST SAMPLED 06-Aug-75
WOMBAT 37 / 104078  (OBA)
Near the Bathhouse
430.00
431.00
432.00
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
WOMBAT 37 / 104078  (OBA)
Near the Bathhouse
430.25
430.50
430.75
431.00
431.25
431.50
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
YEAR
R
W
L
     Use of Emergency bore commenced 
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WOMBAT 40      (104081)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 99.5384615 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 40
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  440.280 CAS FROM
DEPTH   13.000 CAS TO
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 7.00 7.30 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 06-Dec-80
WOMBAT 40 / 104081  (OBA)
Near Locarno Spring
436
437
438
439
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
 
WOMBAT 41      (104082)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  441.430 CAS FROM
DEPTH   12.600 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 6.6 8.8
CHEMISTRY DATA:
NO OF ANALYSES 9
DATE LAST SAMPLED 29-Jun-76
2002 - 2003 some works on Locarno Spring and the bore was used for dewatering
WOMBAT 41 / 104082  (OBA)
Near Locarno Spring
436
437
438
439
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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WOMBAT 52      (104093)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 52
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  444.730 CAS FROM
DEPTH   13.500 CAS TO
CASING DIAMETER 0 CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 8.00 13.00 NKN 
CHEMISTRY DATA:
NO OF ANALYSES 2
DATE LAST SAMPLED 06-Dec-80
WOMBAT 52 / 104093 (OBA)
Near Sulphur Spring
438
439
440
1975 1980 1985 1990 1995 2000 2005YEAR
R
W
L
 
WOMBAT 56      (104097) Wyuna Spring
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  444.030 CAS FROM
DEPTH   13.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 10 13
CHEMISTRY DATA:
NO OF ANALYSES 4
DATE LAST SAMPLED 06-Dec-80
WOMBAT 56 / 104097 (OBA)
Near Wyuna Spring
441
442
443
444
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
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WOMBAT 42      (104083)
PRESENT STATUS: ACTIVE SOBN_94
MONITORING FREQ: 1 MONTHS
RELIABILITY INDEX: 100 PERCENT
ALTERNATIVE REFERENCE:
R.NOTT 87
OBS 92 N/I
LOCATION DATA: Corrected
MAPNAME CASTLEMAINE EASTING 246100
MAP NO. 7723 NORTHING 5866650
ZONE 55
GW BASIN HIGHLANDS
GW SUB BASIN MINERAL SPRINGS
SHALLOW SYS
IRRIGATION REGION BALLARAT/GORDON
CONSTRUCTION DATA:
RLNS  444.070 CAS FROM
DEPTH   40.000 CAS TO
CASING DIAMETER CAS TYPE
YEAR CONSTRUCTED 1978
YEAR LAST MONITORED C
   FORMATION MONITORED SCR FROM SCR TO SCR TYPE
Bedrock (Oll) 29
CHEMISTRY DATA:
NO OF ANALYSES 4
DATE LAST SAMPLED 06-Dec-80
WOMBAT 42 / 104083  (OBA)
near Locarno Spring
436
437
438
439
1975 1980 1985 1990 1995 2000 2005
YEAR
R
W
L
Bottling plant removed 
circa 1986, But 
Bathhouse pumped from
WOMBAT 42 / 104083  (OBA)
near Locarno Spring
437.50
437.75
438.00
438.25
438.50
438.75
1993 1995 1997 1999 2001 2003 2005
YEAR
R
W
L
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Appendix 04.06 Hepburn Mineral Spring Reserve Monitoring. 
 
Groundwater monitoring in the Hepburn Reserve is undertaken by the DSE under Government 
Services Contract and data logger monitoring has been installed by Theiss Environmental for the 
VMWC.  The latter was instrumental in documenting the induced changes in water quality due to 
extraction in the reserve.  A summary of the monitoring network, the position of the loggers and the 
numbering system used is presented in Table 1.  Data downloads are obtainable from Theiss 
Environmental – Hydrographic Services at Launching Place. 
 
Table 1. Monitoring Network Summary for Hepburn Reserve 1999 - 2005. 
 
Site Theiss  GDB  GSV  Monitored Comments 
Pavilion Spring Pit 407900A   EC, Flow, Temp Located in Pavilion Spring pit 
Bore near 
Locarno 
407901A 104082 41 EC, Level, Temp Probe located in bore 
Bore near Bath 
House 
407902A 104078 37 EC, Level, Temp Probe located in bore 
Emergency bore  407903A 104268 15031 EC, Level, Temp Probe located in bore 
Locarno Spring  407310A 104126 8012 EC, Flow, Temp Weir located below spring outlet 
into Welshmans Creek, site 
changed circa 2002. 
DSE – GSV Bores (Monthly – bimonthly readings) 
Locarno Spring    Flow Flow of Locarno is recorded 
 Current 104078 37 WL Near the Bathhouse 
 Till 1989 104089 48 WL Near Pavilion 
 Current 104081 40 WL Near Locarno Spring 
 Current 104082 41 WL Near Locarno Spring 
 Current 104083 42 WL Near Locarno Spring 
 Current 104093 52 WL Near Sulphur Spring 
 Current 104097 56 WL Near Wyuna Spring 
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Attachments – Location Plan and Sample Data Plots 
 
Anticlin
Frenchman North
White Hills
N
Shaft
Shaft   m
Compiled by A Shugg
Hepburn Mineral Spring Reserve - Bore and Data Logger Monitoring Sites
 
 
Figure 1. The location of the data logger sites. 
 
The data logger sites have flow or level, electrical conductivity and temperature recorded.  Several 
regular plots are presented to illustrate the trends and variation in the characteristics and flow of the 
mineral water in the reserve.  There are many natural variations, semi-diurnal, diurnal, seasonal and 
secular that influence the flow and water levels of the springs.  In addition pumping and extraction 
from the springs and bores influence the flow, and water quality.  In some instances the monitoring 
records illustrate how dramatic the disturbances can be.  Water in Spring Creek and Welshmans Gully, 
the small tributaries of the Jim Crowe varies in quality over the season.  Firstly, in the bacterial load 
that it carried.  Secondly, during the winter the streams carry fresh low salinity water, while in the 
summer baseflow is comprised of significant amounts of mineral water and the creek salinity 
increases.  Induction of creek or local recharge waters from the unsaturated zone or fresh water layer 
in the upper few metres below the water table can have varied effects on extracted water depending on 
when in the year pumping takes place. 
 
A listing of the parameters logged at the data logger sites, namely EC, Temperature and level or flow 
are compiled in Table 2. 
 
 
 
Shugg 2004  Appendix 04.06 Hepburn Mineral Spring Reserve Monitoring 2
Table 2. Data Logger details from Hepburn Reserve. 
 
Site Theiss  GDB  GSV    
Pavilion Spring Pit 407900A   EC, Flow, Temp Located in Pavilion Spring pit 
Bore near 
Locarno 
407901A 104082 41 EC, Level, Temp Probe located in bore 
Bore near Bath 
House 
407902A 104078 37 EC, Level, Temp Probe located in bore 
Emergency bore  407903A 104268 15031 EC, Level, Temp Probe located in bore 
Locarno Spring  407310A 104126 8012 EC, Flow, Temp Weir located below spring outlet 
into Welshmans Creek, site 
changed circa 2002. 
 
Emergency bore  407903A 104268 15031 
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4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 7
2 2
2 7
3 2
3 7
4 2
4 7
1 4 . 5
1 4 . 6
1 4 . 7
1 4 . 8
1 4 . 9
2 0 0
6 0 0
1 0 0 0
1 4 0 0
1 8 0 0
2 2 0 0
A p r M a y J u n
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 8
2 3
2 8
3 3
3 8
4 3
4 8
1 4 . 4
1 4 . 6 5
1 4 . 9
1 5 . 1 5
2 0 0
6 0 0
1 0 0 0
1 4 0 0
1 8 0 0
2 2 0 0
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 5
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 3 A  E M E R G E N C Y  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 8
2 3
2 8
3 3
3 8
4 3
4 8
1 4 . 5
1 4 . 5 5
1 4 . 6
1 4 . 6 5
1 4 . 7
1 4 . 7 5
1 4 . 8
2 0 0
6 0 0
1 0 0 0
1 4 0 0
1 8 0 0
2 2 0 0
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
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Bore near Bath House 407902A 104078 37 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3 2
4 3 0 . 4 2
4 3 0 . 5 2
4 3 0 . 6 2
4 3 0 . 7 2
4 3 0 . 8 2
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 3
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3 3
4 3 0 . 4 3
4 3 0 . 5 3
4 3 0 . 6 3
4 3 0 . 7 3
4 3 0 . 8 3
A p r M a y J u n
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 1 0 / 2 0 0 3
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3
4 3 0 . 5
4 3 0 . 7
4 3 0 . 9
4 3 1 . 1
4 3 1 . 3
J u l A u g S e p
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T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 1 0 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 6 3
4 3 0 . 7 3
4 3 0 . 8 3
4 3 0 . 9 3
4 3 1 . 0 3
4 3 1 . 1 3
O c t N o v D e c
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 4
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3 8
4 3 0 . 4 3
4 3 0 . 4 8
4 3 0 . 5 3
4 3 0 . 5 8
4 3 0 . 6 3
4 3 0 . 6 8
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 4 2 0 0 4
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 4
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 4 4
4 3 0 . 5 4
4 3 0 . 6 4
4 3 0 . 7 4
4 3 0 . 8 4
4 3 0 . 9 4
A p r M a y J u n
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T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3
4 3 0 . 5
4 3 0 . 7
4 3 0 . 9
4 3 1 . 1
4 3 1 . 3
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 5
4 0 7 9 0 2 A  B O R E  1 0 4 0 7 8  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 0 . 3 9
4 3 0 . 4 9
4 3 0 . 5 9
4 3 0 . 6 9
4 3 0 . 7 9
4 3 0 . 8 9
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
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Pavilion Spring Pit 407900A   
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 5 5
1 . 6
1 . 6 5
1 . 7
1 . 7 5
1 . 8
1 3 . 9
1 4 . 1 5
1 4 . 4
1 4 . 6 5
1 4 . 9
1 5 . 1 5
2 2 4 0
2 2 9 0
2 3 4 0
2 3 9 0
2 4 4 0
2 4 9 0
2 5 4 0
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 3
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 1
1 . 3 5
1 . 6
1 . 8 5
1 3 . 7
1 4 . 2
1 4 . 7
1 5 . 2
2 2 5 0
2 3 0 0
2 3 5 0
2 4 0 0
2 4 5 0
2 5 0 0
2 5 5 0
A p r M a y J u n
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 1 0 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1
1 . 2
1 . 4
1 . 6
1 . 8
2
1 3
1 3 . 2 5
1 3 . 5
1 3 . 7 5
1 4
1 4 . 2 5
2 0 0 0
2 1 0 0
2 2 0 0
2 3 0 0
2 4 0 0
2 5 0 0
2 6 0 0
O c t N o v D e c
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T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 4
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 1
1 . 3 5
1 . 6
1 . 8 5
1 3 . 9
1 4 . 1 5
1 4 . 4
1 4 . 6 5
1 4 . 9
1 5 . 1 5
2 3 0 0
2 3 5 0
2 4 0 0
2 4 5 0
2 5 0 0
2 5 5 0
2 6 0 0
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 4 2 0 0 4
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 4
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 7 5
1 . 7 5 5
1 . 7 6
1 . 7 6 5
1 . 7 7
1 . 7 7 5
1 . 7 8
1 3 . 9
1 4 . 1 5
1 4 . 4
1 4 . 6 5
1 4 . 9
1 5 . 1 5
2 3 5 0
2 3 7 5
2 4 0 0
2 4 2 5
2 4 5 0
2 4 7 5
A p r M a y J u n
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 1
1 . 3 5
1 . 6
1 . 8 5
1 3
1 3 . 5
1 4
1 4 . 5
1 5
1 5 . 5
2 0 0 0
2 1 0 0
2 2 0 0
2 3 0 0
2 4 0 0
2 5 0 0
2 6 0 0
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
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T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r io d 1  Y e a r P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 1 2  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 5
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  4 5 0 . 0 0 M e a n W a t e r  T e m p .  ( D e g . C )
4 0 7 9 0 0 A  P A V I L L I O N  S P R I N G S  B O R E  A T  H E P B U R N  S P R I N G S  8 2 0 . 0 0 M e a n E C  u S / c m  @  2 5 'C
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 3 . 9
1 4 . 1 5
1 4 . 4
1 4 . 6 5
1 4 . 9
1 5 . 1 5
2 3 4 0
2 3 9 0
2 4 4 0
2 4 9 0
2 5 4 0
2 5 9 0
J a n F e b M a r A p r M a y J u n J u l A u g S e p O c t N o v D e c
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Bore near Locarno 407901A 104082 41 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3
4 0 7 9 0 1 A  B O R E  1 0 4 0 8 2  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 7 . 6 4
4 3 7 . 6 8
4 3 7 . 7 2
4 3 7 . 7 6
4 3 7 . 8
4 3 7 . 8 4
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 3
4 0 7 9 0 1 A  B O R E  1 0 4 0 8 2  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 7 . 6 2
4 3 7 . 6 7
4 3 7 . 7 2
4 3 7 . 7 7
4 3 7 . 8 2
4 3 7 . 8 7
A p r M a y J u n
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 7 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 1 0 / 2 0 0 3
4 0 7 9 0 1 A  B O R E  1 0 4 0 8 2  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 7 . 7 1
4 3 7 . 7 6
4 3 7 . 8 1
4 3 7 . 8 6
4 3 7 . 9 1
4 3 7 . 9 6
J u l A u g S e p
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T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 1 0 / 2 0 0 3 2 0 0 3
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4
4 0 7 9 0 1 A  B O R E  1 0 4 0 8 2  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 7 . 7 1
4 3 7 . 7 5
4 3 7 . 7 9
4 3 7 . 8 3
4 3 7 . 8 7
4 3 7 . 9 1
O c t N o v D e c
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
P e r i o d 3  M o n t h P lo t  S t a r t 0 0 : 0 0 _ 0 1 / 0 1 / 2 0 0 4 2 0 0 4
I n t e r v a l 3  H o u r P lo t  E n d 0 0 : 0 0 _ 0 1 / 0 4 / 2 0 0 4
4 0 7 9 0 1 A  B O R E  1 0 4 0 8 2  A T  H E P B U R N  S P R I N G S  1 0 0 . 0 0 M e a n L e v e l  ( m ) E d i t e d  D a t a
4 3 7 . 7
4 3 7 . 7 5
4 3 7 . 8
4 3 7 . 8 5
J a n F e b M a r
 
 
T h i e s s  S e r v i c e s  H Y P L O T  V 1 2 5   O u t p u t  0 9 / 0 8 / 2 0 0 4
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APPENDIX 04.07 Daylesford Gold-field dewatering effects on 
the flow of Hepburn Mineral Springs.  
 
Mineral spring flow has on numerous occasions been stopped or reduced by mine dewatering.  
This is part of the history of the Daylesford region and has been annotated in media reports, 
government publications and in the transcripts of community meetings.  Although extraction 
will drain the springs of their flow, it is at Hepburn where the most is known partly due to the 
mineral water requirements of the bottling plant, bathhouse and Public and Tourist access to 
the spring. 
 
Dewatering events have played an important role in demonstrating the dynamics of the 
mineral water flow systems.  Specifically, withdrawal of water from the deep bedrock 
systems impacted on both the quality of the mineral water and the flow rate of the springs.   
 
Empirical observations made during and after the recovery period provide a significant and 
important insight into the behaviour of the mineral water systems in the bedrock.  These 
observations reflect the replenishment rate or recharge of the fissured aquifer, the through or 
inflow, storage and permeability characteristics of the aquifer system.   
 
Further a delay in the recovery of the mineral character of the water, replicated in short term 
dewatering events by the Geological Survey (1974-1976) and Mineral Water Committee 
during restoration works (2001), suggests that wetting of the aquifer has first to be achieved 
before the rock water reactions can build up the alkalinity.  These observations obviate the 
often suggested plutonic flux hypothesis.  A plutonic flux would provide the reverse of the 
recovery cycle.  First the carbon dioxide levels would generate very strongly carbonated 
water and gradually these would be diluted as water levels rose and fluids expressed at the 
springs. 
 
Running water from the Kidd’s Gully water race1 into the North Frenchmans Mine showed 
how quickly the water moved from the mine to the Wyuna outlet (Dunn et al. 1912, Skeats 
1914). 
 
The springs in the reserve have been dewatered by both mining activities and during 
hydrogeological investigations undertaken by the Geological Survey.  A summary of mine 
dewatering activities near the Hepburn Mineral Spring Reserve is included below.  For further 
references see the Technical Notes on Hepburn Springs. 
 
DATE MINE EVENT 
 
1850's 
 Initial conditions:  
 
The flow from the Main (Hepburn) spring was 11 m3/d 
(0.13 L/s), before development or improvement of the 
eye.  Before the mining impacts, in 1906 the rate was 
around 0.2 L/s. 
1870-1890 White Hills Shaft Springs were completely drained by 1874.  The shaft 
was located 320 m south of the Hepburn Spring.  The 
mine developed the White Hills Reef from the western 
limb of the Hepburn Spring Anticline.  The Hepburn 
(Pavilion) Spring eye emerges about 20 m west of the 
Hepburn Spring Anticline. 
 
Spring flow returned after the shaft was filled in with 
mullock. 
1904 - 1905 Daylesford Freehold 
Shaft 
Located on the fringe of Daylesford, 2.3 km south of the 
HMSR, the mine diminished gas and the flow in 
                                                     
1 Several different spellings are provided on the old maps Kidd’s; and Kidd being two. 
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DATE MINE EVENT 
Hepburn-Pavilion Spring. 
1910 
November 
North Frenchmans Reef 
Frenchmans Reef 
Local opposition to the extension of the mining leases 
1911 October Combined effects of 
surrounding mines 
Hepburn mineral water no longer contained gas. 
1911 
November 
North Frenchmans Shaft 
and possibly Swiss 
Mount 
The springs in the reserve stopped flowing.   
 
Two mines were suspected; North Frenchmans Shaft 
and Swiss Mount Shaft.   
 
The Wyuna "eye" MS 28 lies on line with the North 
Frenchmans Shaft on Milkmans Reef.  When North 
Frenchmans Shaft was closed only Wyuna (MS 28) and 
a small eye (Locarno) east of the Pavilion (MS 27) 
Spring resumed flowing.  North Frenchmans Shaft was 
about 400 m south on strike from MS 28. 
 
The Swiss Mount shaft developed reefs 560 m to the 
south west (235o) of the Hepburn Reserve in Doctors 
Gully.   
1911 
November 
Swiss Mount Spring flow diminished and reduction in water levels 
was wide spread. 
 
Spring flow ceased, and Swiss Mount was filling with 
water after a tunnel encountered a fissure -“lode track” 
1911 
December 
North Frenchmans Pumping in the mine stops spring flow 
1912 January North Frenchmans and 
others 
Recognised that mining operations endangered springs 
1912 January North Frenchmans Reef 
Mine 
The mine owners were paid £250 (pounds) to cease 
operations, and close down. 
1912 May Frenchmans Reef Shaft Pavilion Spring was still dry, but minor seeps occur in 
reserve. 
1912 July North Frenchmans Shaft Pumping in the lower levels of the mine stop the 
springs.  Minor flow returns to Wyuna eye 
1912 August Mauritius Shaft and 
Victory Tunnel 
Mines inspector concluded that mines back to 
Daylesford affect the springs. 
 
Interconnection recognised between Wyuna, North 
Frenchmans and Hepburn spring 
1912 October Frenchmans Reef Shaft 
 
 
 
North Frenchmans and 
Kid Gully Water Race 
Pavilion Spring had not resumed flowing and Whitelaw 
of the Geological Survey reported that Frenchmans 
Reef Shaft was drying up the springs. 
 
North Frenchmans Reef mine was filled with water 
from Kid Gully water race, but the mine water was not 
gassy.  This event corresponds with the large flow 
reading recorded at the New Spring - Wyuna eye (see 
reading in Skeats 1914). 
 
Pavilion still not flowing – this is attributed to 
Frenchmans Reef Mine.  Further down the Hepburn 
Spring anticline structure. 
 
It was recognised that a proposed crosscut eastward 
from Frenchmans Reef mine would stop the New 
Spring – Wyuna eye. 
1914 June North Frenchmans Shaft Reported on 16/6/1914 the dewatering of mine at 60m. 
The mine was dewatered for a short period again and it 
intersected a substantial flow of mineral water 
underground. In two weeks the rate of inflow of mineral 
water entering the mine fell from 2.5 L/s to 0.8 L/s, 
again draining the springs.  The unaffected Pavilion 
spring flow rate was previously around 0.2 L/s (1906). 
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DATE MINE EVENT 
Deputations about the failure of Hepburn Spring. 
1914 July Frenchmans Reef Shaft Hepburn Spring was still dry.  
 
Deputation to the Minister for Mines and Minister of 
Lands seeking that Frenchmans Reef Mine should 
closed. 
 
1914 October  Frenchmans Reef Shaft Frenchmans Reef mine closed. 
 
The mineral water flow at Pavilion Spring MS 27 
gradually returned. 
1976 July Bore in reserve Wombat 
41 (104082) 
In a seven day test Locarno and Hepburn dried up after 
10 minutes pumping, flow recovery took 21 days. 
1991 Bores in Reserve 
Wombat 15031 (104268) 
A 24 hour test on the bore at the western side of the 
reserve resulted in approximately 10% reduction in 
Locarno spring flow. 
2001 DNRE (GSV) Bores near 
Locarno Spring 
Bores were pumped to dewater the spring and 
Welshmans Gully, during restoration works.  During 
recovery the water returned first and later the gaseous 
nature.  This is attributed to the rehydration with 
pressure build up, and then re-establishment of the 
degassing process. 
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Appendix 5.01  Geochemical Details of Regional Occurrence of High Alkalinity Victorian 
Groundwaters 
 
1 Central Victorian Highlands Spring Associations  
 
The bone fide of a mineral water may be attributed to the association with a mineral spring.  In this 
way most mineral water occurrences in Central Victorian can be identified and are associated with 
groundwater flow systems in the swarms of thrust faults that provide fissure networks in the bedrock 
usually of Lower Ordovician age. 
 
Distinct flow systems are litho - structurally controlled and lie in narrow corridors of folded rocks 
usually between 2 - 4 km in width, can be traced over lengths of 30 km.  Individual fissures were 
mapped on the gold fields as continuous on the surface over 3 - 4 km of outcrop.  Detailed 
underground mapping illustrated the repetition, bifurcation, coalesce and linear persistence of the 
networks of fault conduits. 
 
The fault networks that supply the Hepburn spring can be traced in the mine sections around 8 km 
south under Daylesford to the New Specimen Hill mine.  The recharge area of the crest of the 
Dividing Range is 13 km from Hepburn. 
 
In Central Victoria, mineral waters usually have a Total Dissolved Salts content of 2000-3000 mg/L, a 
bicarbonate concentration of 1500 – 2000 mg/L and a chloride concentration of 70 – 350 mg/L.  
Usually sodium is the dominant cation, although magnesium may be co-dominant.  The waters are 
lightly carbonated with an excess of carbon dioxide.  The waters near recharge have a low chlorinity 
and this increases along the flow lines with distance from the crest of the Dividing Range.  The low 
chlorinity is a very significant characteristic of the mineral waters.  These characteristics may be used 
to differentiate it from the shallow ambient groundwaters.  
 
Central Victorian Mineral 
Springs 
Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 15.0 23.5 137 
TDS 2304.5 3078 358 
Cl 68 295 1.9 359 
CO3 81 107 1.4 28 
HCO3 1562 1983 25.6 359 
NO3 1 6 0.0 99 
SO4 18.5 61 0.2 312 
Ca 125 125 3.1 336 
Mg 120 158 4.9 339 
Na 296.5 460 12.9 320 
K 8 11 0.2 312 
Fe Total 7.0 16.0 0.1 259 
SiO3 43 47 0.6 328 
pH 7.01 7.06 345 
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1.1 Ararat 
 
High alkalinity groundwaters occur in a small number of bores in the Cambrian – Ordovician bedrock 
systems of Western Victoria.  These Lower Palaeozoic rocks consist of sandstones - shales, grit and 
conglomerate and have thick kaolinised weathering profiles.  Bores encountering the high bicarbonate 
waters are usually around 30 m deep, and are situated either within weathering bedrock profiles or in 
the unconsolidated Pliocene marine sediments of the Parilla Formation.  Post diagenetic formation of 
fine flakes of white mica – sericite1 is common in the sandy facies of the Parilla Formation.  The 
waters are saline with 6000 mg/L total dissolved salts and the chloride is the dominant anion with 
twice the concentration of the bicarbonate and the dominant cation is sodium.   
 
BR - Ararat Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 12.7 17.0 11 
TDS 7306 7266 11 
Cl 992 1275 28.0 13 
CO3 50 62 0.8 4 
HCO3 992 1275 16.3 13 
NO3 3 5 0.0 3 
SO4 351 407 3.7 9 
Ca 113 132 2.8 12 
Mg 271 274 11.2 12 
Na 2200 2258 95.7 9 
K 21 22 0.5 9 
Fe Total 2.6 6.1 0.0 7 
SiO3 27 25 0.3 8 
PH 7.00 7.95 13 
 
                                                     
1  Sericite is a fine grained white mica, and may be a isomorph of muscovite K2 Al4 (Si6Al2O20)(OH, F)4.  The 
principal isomorphous replacements that occur include for K: Na, and for Al: Mg, Fe, Mn and Li. 
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1.2 Bacchus Marsh - Djerriwarrh 
 
Mineral springs have been recorded associated with the Lower Ordovician Castlemaine Super Group 
sandstones and grits in Goodmans Creek and at the Coimadai spring on the eastern shore of Lake 
Merrimu.  Another occurrence was reported in graptolitic black shales encountered in the portal 
between Goodmans and Djerriwarrh creeks.  Several associated occurrences of high bicarbonate 
groundwater in 50 m deep bores penetrating the superficial basaltic rocks occur to the south east of 
Lake Merrimu.  Other minor occurrences have been recorded in bores 5 – 8 km north of Bacchus 
Marsh associated with Tertiary Sands and the Permian Wild Duck Formation.  The sediments consist 
of poorly indurated sediments including glaciomarine, diamicrite, sandstone, and mudstone.  The 
waters have a salinity of 3000 – 5000 mg/L total dissolved salts chloride concentrations of 1000 – 
2000 mg/L and bicarbonate concentrations of around 1100 mg/L, sodium is the dominant cation.   
 
BR - Bacchus Marsh Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 47.8 49.6 7 
TDS 3113 4952 9 
Cl 1188 2039 33.6 9 
CO3 26 21 0.4 6 
HCO3 1007 1054 16.5 9 
NO3 7 6 0.1 6 
SO4 99 163 1.0 8 
Ca 35 45 0.9 8 
Mg 106 199 4.4 8 
Na 663 772 28.8 8 
K 19 23 0.5 8 
Fe Total 1.8 2.5 0.0 8 
SiO3 29 33 0.4 8 
pH 8.20 8.13 8 
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1.3 Ballarat 
 
Several occurrences of high bicarbonate groundwater have been encountered in bores south west of 
Ballarat near Skipton.  In this area, basaltic rocks rest on Lower Ordovician sandstones and shales, 
with minor metamorphic schists.  Devonian granitic rocks have intruded the Lower Paleozoic 
sedimentary rocks.  The high bicarbonate waters are intersected in bores of around 45 – 50 m in depth.  
The upper surface of the Ordovician bedrock in the Ballarat district is deeply weathered, kaolinisation 
continues to depths of more than 60 m.  The waters have a salinity of around 3000 mg/L total 
dissolved salts, contain 1200 mg/L chloride and 1200 mg/L bicarbonate.  Sodium is the major cation. 
 
BR - Ballarat Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 46.3 48.2 1 
TDS 2963 3332 10 
Cl 1206 1225 34.1 10 
CO3 32 32 0.5 2 
HCO3 1247 1235 20.4 10 
NO3 1 1 0.0 2 
SO4 140 139 1.5 9 
Ca 75 79 1.9 9 
Mg 207 253 8.5 9 
Na 710 786 30.9 5 
K 16 19 0.4 5 
Fe Total 13.5 20.2 0.2 6 
SiO3 30 43 0.4 8 
pH 7.45 7.56 10 
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1.4 Bendigo - Castlemaine - Maldon 
 
Mineral water was recorded in the mines in this area by Newbery (1867), its presence was again 
confirmed in 1974 in the Charlies Hope mine situated between Cairn Curran Reservoir – Joyce’s 
Creek and Maldon.  The bedrock consists of Ordovician mudstones, sandstones, grits, conglomerates 
and minor but distinctive thin bands of cone-in-cone limestones.  Some non-kerogen heavy 
hydrocarbons have been recorded in Ordovician rocks in the Maldon area.  The Lower Ordovician 
black graphitic shales may contain 2% – 5% carbon, but it is usually refractory. 
 
The waters have been recorded in bores that are around 25 m deep.  The water chemistry varies widely 
in this suite of carbonated waters with some having more than 14000 mg/L total dissolved salts.  Near 
Castlemaine the sulphate levels are elevated with concentrations of more than 1700 mg/L recorded.  
The salinity and chloride concentration of the waters are high when compared with mineral waters 
close to the Crest of the Dividing Range.  A greater similarity exists with the waters from Vaughan 
Springs except that the sulphate concentrations are the significant difference. 
 
Near Bendigo, the high bicarbonate groundwaters occur at the toe of slopes as the alluvial flood plain 
encroaches on the bedrock hills.  The waters are saline with 5000 – 10000 mg/L total dissolved salts, 
2000 – 5000 mg/L chloride and 1000 – 1800 mg/L bicarbonate, sodium is the dominant cation.  
Bendigo mine waters recorded up to 900 mg/L bicarbonate, but extant analyses are from great depths, 
some from as deep as 1300 m.  Many mine water samples were obtained when the gold mines had 
been dewatering the rock mass for more than 40 years and were mixtures of more modern shallow 
water.  The salinity of the mine waters varied from 1200 – 13000 mg/L total dissolved salts with some 
of the waters having more than 1000 mg/L sulphate.  The elevated sulphate may reflect the solution of 
sulphide minerals by oxygenated water, and in this case it may be accompanied by elevated 
concentration of trace metals. 
 
BR - Bendigo Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 24.8 23.0 10 
TDS 8491 8952 17 
Cl 3779 3873 106.8 18 
CO3 97 304 1.6 4 
HCO3 1177 1188 19.3 18 
NO3 23 23 0.4 2 
SO4 524 915 5.5 10 
Ca 160 231 4.0 13 
Mg 410 468 16.9 13 
Na 1699 2122 73.8 10 
K 23 28 0.6 10 
Fe Total 3.6 7.3 0.1 9 
SiO3 42 40 0.6 10 
pH 7.60 7.79 18 
 
Shugg 2004; Appendix 05.01  Data of Victorian High Alkalinity Groundwaters 5
 
1.5 Dunolly 
 
High bicarbonate groundwaters exist in the Dunolly area towards the margin of the highland front and 
in bores developing the onlap sediments of the Quaternary Shepparton Formation.  Water from bores 
situated on the Quaternary riverine plain are saline with around 7000 mg/L total dissolved salts, 
chloride concentrations of 3000 mg/L and bicarbonate concentrations up to 1500 mg/L, sodium is the 
dominant cation.   
 
BR - Dunolly Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 16.8 20.6 12 
TDS 7210 7271 16 
Cl 2450 2913 69.2 16 
CO3 149 149 2.5 1 
HCO3 1489 1545 24.4 16 
NO3 7 30 0.1 9 
SO4 330 384 3.4 14 
Ca 109 98 2.7 15 
Mg 322 321 13.3 15 
Na 1900 1833 82.6 13 
K 25 30 0.6 13 
Fe Total 3.1 7.2 0.1 9 
SiO3 35 46 0.5 14 
pH 7.60 7.69 16 
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1.6 Euroa – Boho Violet Town Volcanics 
 
High bicarbonate groundwaters exist in the strongly jointed Violet Town Volcanics (Rhyodacite – 
ignimbrite) and in the alluvial deposits of the Shepparton Formation abutting the volcanic ranges.  The 
groundwaters have a salinity of 7000 mg/L total dissolved salts, 2000 mg/L chloride and the 
bicarbonate concentration of 1300 mg/L.  Sodium is the dominant cation.  
 
BR - Euroa Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 3.8 5.2 6 
TDS 6023 7003 6 
Cl 1881 1967 53.1 6 
CO3 122 129 2.0 5 
HCO3 2341 2431 38.4 6 
NO3 6 6 0.1 5 
SO4 149 207 1.5 6 
Ca 25 26 0.6 6 
Mg 90 112 3.7 6 
Na 1798 2118 78.2 6 
K 4 5 0.1 6 
Fe Total 3.0 3.0 0.1 2 
SiO3 26 25 0.3 6 
pH 8.35 8.35 6 
 
Shugg 2004; Appendix 05.01  Data of Victorian High Alkalinity Groundwaters 7
 
1.7 Flowerdale – Yea – Dropmore – Mansfield 
 
In the Flowerdale –Yea – Yark area mineral water is encountered in bores or it emerges at springs 
from fissured bedrock of Silurian to Lower Devonian age.  Several springs occur in the Break O’Day 
and King Parrot drainage systems.  Fissure conduits are developed in the Silurian Dargile Formation, 
Lower Devonian Humevale Formation and Upper Devonian Walhalla Group.  The rocks and fissure 
systems may contain gold, arsenic and antinomy mineralisation.  Upper Devonian granites have 
intruded the rocks of region.  Coverage of private bores is only a sparse, never the less a number of 
bores in the area surrounding Strath Creek, Mt Piper and Yark areas have intersected high bicarbonate 
groundwaters.  These bores are usually shallower than 30 m. 
 
In the Mansfield area mineral springs have been recorded at Merrijig and Barrangunda.  In both 
instances they occur in an area of outcropping Upper Devonian – Devils Plain Formation in the central 
portion of the Mansfield Basin.  The rocks consist of fluviatile consolidated red mudstone and 
micaceous sandstone.  The waters have a salinity of around 3000 mg/L total dissolved salts, chloride 
levels of 800 mg/L bicarbonate alkalinity in the range of 900 – 1100 and sodium is the dominant 
cation. 
 
The Dropmore mineral spring occurs in the Strathbogie Ranges about 6 km from the drainage divide.  
The ranges are developed on the Strathbogie granite.  The drainage pattern is characteristically 
strongly aligned with the joint systems.  The rocks include biotite granite, coarse grained porphyritic 
granite and cordierite.  Similar associations with jointed and fissured granitic rocks occur in bores in 
Central Victoria around Maldon (Newbery, 1867) and Bungaree.  Fissure systems in granitic rocks 
provide a significant occurrence of carbonated mineral waters in the Central Alps of Europe (Zotl, 
1995).  This association is relatively rare in Victoria, and has usually been identified in either bores or 
mines. 
 
The shallow groundwater in the Strathbogie Ranges granite near the spring is usually fresh with a 
salinity of 50 – 150 mg/L and the chloride and bicarbonate concentrations are around 15 and 30 mg/L 
respectively.  The mineral water has around 30 mg/L chloride and over 800 mg/L bicarbonate. 
 
 
 
BR - Yea Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 19.6 25.2 16 
TDS 2796 2985 20 
Cl 772 863 21.8 20 
CO3 42 72 0.7 8 
HCO3 924 1099 15.1 20 
NO3 19 33 0.3 10 
SO4 121 161 1.3 18 
Ca 48 60 1.2 20 
Mg 164 187 6.7 20 
Na 550 649 23.9 17 
K 8 11 0.2 17 
Fe Total 8.8 10.8 0.2 16 
SiO3 27 37 0.4 17 
pH 8.18 8.15 20 
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1.8 Heathcote - Costerfield 
 
The low hills of the Heathcote Ranges are the dominant physiographic feature of this region.  In 
several markedly different geological settings east and west of the Heathcote Ranges bores have 
intersected mineral water.  Carbonated mineral water was first intersected in a private water bore north 
of the township of Heathcote. 
 
North west of Heathcote the high bicarbonate groundwaters have been found in the Permian age Wild 
Duck Formation that consists of fluvioglacial and marine glacial sediments situated about 5 km west 
of the spine of the Heathcote Range.  To the east of the crest of the range high bicarbonate 
groundwaters have been intersected in Lower Ordovician chert, sandstone, shale, siltstone, in the 
Middle to Upper Cambrian Knowsley East Shale and in Silurian and Devonian mudstone, sandstone, 
grits, conglomerates and minor limestones. 
 
Some of the waters have elevated sulphate concentrations, in particular the saline waters with more 
than 10000 mg/L total dissolved salts that are found in the Permian sediments.  The mineral water 
from the bore within 1 km of the crest of the range has a low chloride concentration of 145 mg/L while 
bores 5 –10 km from the ridge have chloride concentrations exceeding 1000 mg/L. 
 
BR - Heathcote Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 27.0 27.1 12 
TDS 6785 6591 14 
Cl 2935 2823 82.9 14 
CO3 115 319 1.9 4 
HCO3 983 1115 16.1 14 
NO3 10 18 0.2 7 
SO4 430 514 4.5 13 
Ca 93 110 2.3 13 
Mg 340 384 14.0 13 
Na 1900 1708 82.6 13 
K 17 16 0.4 13 
Fe Total 8.0 19.0 0.1 11 
SiO3 25 31 0.3 13 
pH 7.75 7.72 14 
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1.9 Shepparton - Dookie 
 
High bicarbonate groundwaters have been recorded in the Lower Cambrian rocks consisting of basalt, 
andesite, gabbro, lithic sandstone, chert, and breccia.  They also occur in Shepparton Formation 
sediments of the riverine plains some distance from the Cambrian inlier.  The water in the Cambrian 
rocks is relatively fresh with 1100 mg/L total dissolved salts, a chloride concentration of 150 mg/L 
and a bicarbonate concentration of 850 mg/L.  This compares with the waters in the Shepparton 
Formation with salinities of 10000 – 13000 mg/L total dissolved salts, chloride concentrations of 2500 
– 5500 mg/L and bicarbonate concentrations exceeding 1400 mg/L.  Another distinguishing feature of 
the Shepparton Formation groundwaters is the high sulphate concentration, ranging from 500 – 1500 
mg/L. 
 
BR - Shepparton Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 18.0 17.8 8 
TDS 6623 8766 8 
Cl 2360 3423 66.7 8 
CO3 54 54 0.9 2 
HCO3 1304 1264 21.4 8 
NO3 5 6 0.1 6 
SO4 712 1222 7.4 7 
Ca 68 134 1.7 8 
Mg 128 351 5.3 8 
Na 2069 2851 90.0 7 
K 11 11 0.3 7 
Fe Total 11.5 11.5 0.2 2 
SiO3 18 26 0.2 7 
pH 7.90 7.85 8 
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1.10 Turpin Falls and Kyneton. 
 
At Turpin Falls and Kyneton mineral water emanating from Ordovician bedrock reaches the surface 
through a thickness of between 30 and 50 m of fractured Pliocene basalt.  At Turpin Falls the fissure is 
exposed the basalt of the bank of the Campaspe River.  It is evident that movement on the bedrock 
fault has been translated upward through the overlying basalt.  At Boggy Creek Kyneton mineral water 
ascends through Deep Lead sediments and Pliocene basalt.  Drilling, for the VMWC in 2000, 
illustrated that the mineral water flux was sufficient to displace and mix with the groundwater in the 
basalt and Deep Lead aquifers during ascent.  A number of similar occurrences have been recorded in 
bore holes near Kyneton and south of Kyneton the spring MS 12 on Mr. Lloyd Stringers farm emerges 
from the basalt in the bank of the Campaspe River. 
 
1.11 Woodend 
 
Nestled between the biotite hypersthene rhyodacite rocks that form the Macedon Ranges and the small 
Pleistocene volcanic mount named the “Jim Jim” is an area of Quaternary tholeiitic and alkaline 
basalts and trachytes that overly Lower Ordovician shales, sandstone and cherts.  A bore hole 
intersection of high bicarbonate occurs within in this area, while the surrounding groundwater in the 
basaltic aquifer is fresh water with 250 – 500 mg/L total dissolved salts and a chloride concentration 
of 100 - 200 mg/L.  The high bicarbonate water has 1500 mg/L total dissolved salts, and the chloride 
concentration is around 300 mg/L. 
 
BR - Woodend Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 26.5 32.2 6 
TDS 3155 4394 7 
Cl 1135 1801 32.1 7 
CO3 0.0  
HCO3 913 947 15.0 7 
NO3 4 7 0.1 4 
SO4 160 233 1.7 7 
Ca 59 71 1.5 7 
Mg 210 270 8.6 7 
Na 738 1036 32.1 7 
K 12 12 0.3 7 
Fe Total 4.3 3.8 0.1 6 
SiO3 32 44 0.4 7 
pH 7.88 7.85 7 
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 2 Bedrock Occurrence Outside Central Victorian  
 
The presence of small amounts of carbon dioxide in groundwater is quite usual.  Groundwaters with 
more than 1400 mg/L (HCO3- ) may be termed high bicarbonate groundwaters.  Most of these high 
bicarbonate waters are sodium bicarbonate waters.  In Victoria, there are many occurrences of high 
bicarbonate and sodium bicarbonate groundwaters n the bedrock aquifers.  A large proportion of 
Victoria's natural sodium bicarbonate and bicarbonate rich groundwaters lie outside the Mineral Springs 
area. 
 
3 Coastal Plains Sedimentary Basins  
 
Carbonated mineral waters have been found in Upper Cretaceous to middle Tertiary age formations in 
petroleum exploration wells and in groundwater and stratigraphic bores. 
 
The chemistry of the sedimentary basin waters is not identical to the low chloride class of sodium 
bicarbonate and sodium-magnesium bicarbonate waters found in the Mineral Springs Region.  Equally, 
not all of the mineral spring waters are of identical composition, but the mineral waters show some 
evolution in composition down the groundwater flow systems.   
 
Rock forming processes (petrogenesis) produce carbon dioxide and methane gas in the Lower 
Cretaceous and Lower Tertiary rock suites of Victoria.  In the Lower Cretaceous and Lower Tertiary 
aquifers groundwater can be very highly charged with gases.  In the Gippsland Basin the carbonated 
waters may also be accompanied by hydrocarbons.  These aquifers as petroleum reservoirs have received 
much attention for their accumulation of heavier hydrocarbons, and hydrocarbon gases. 
 
Aquifers or reservoir rocks of Upper Cretaceous and Lower Tertiary have produced accumulations of 
carbon based gases.  The groundwaters from the Wangerrip Group aquifers in the Otway Basin have 
been noted for the development of the sodium bicarbonate hydrogeochemical facies.  Some Otway Basin 
groundwaters attain bicarbonate concentrations exceeding 7000 mg/L.  The gradual acidification of these 
waters will result in the saturation with carbon dioxide.   
 
Deep groundwaters from the Port Campbell Embayment in the parishes of Mepunga, Panmure, Paaratte 
and Wangoom have recorded high bicarbonate concentrations.  In the parish of Paaratte, Waarre 
Formation groundwater from 1700–2200 m in the bores 8001, 8004 and 8006 were characterised by a 
total dissolved salts concentration of around 17000 mg/L.  The chloride concentration in these waters 
was around 8000 mg/L and a bicarbonate concentration was in the range 1500–4600 mg/L. 
 
Coalification processes that are actively increasing the rank of Lower Cretaceous and Lower Tertiary 
coals also result in the release of carbon based gases, methane and carbon dioxide.  This process may 
help to explain the occurrence of the carbon dioxide charged waters on the Bellarine Peninsula at 
Geelong and Clifton Springs and the spring once reported at Krambruk near Apollo Bay. 
 
The diffusion, fractionation and accumulation of gases reflect the subsurface flow of fluids in permeable 
formations.  The fractionation and entrapment of carbon dioxide may proceed with the lighter, smaller 
and more soluble hydrocarbon gases such as methane escaping the underground structure.  In South 
Australia deep bores have tapped residual accumulations of carbon dioxide in the Otway Basin 
sediments at Caroline.  Carbon dioxide usually accompanies the gas phase in hydrocarbon reservoirs.   
 
The presence of the high sodium bicarbonate groundwater facies was noted in the Otway Basin by Johns 
(1968, 1971) and later by Blake (1989).  The formation of the sodium bicarbonate water facies was also 
discussed by Herczeg et al. (1991) in the aquifers of the Great Artesian Basin. 
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3.1 Western District Limestone Plains 
 
In Western Victoria near Mortlake and Camperdown a number of high bicarbonate groundwaters occur 
in the Miocene - Limestone aquifers at shallow depths of around 20 m.  These waters usually have a 
salinity in the range 2000 – 6000 mg/L total dissolved salts, around 1000 mg/L chloride and bicarbonate 
concentrations of 900 – 4000 mg/L.   
 
Western District Limestone Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 21.3 19.1 5 
TDS 3729 4600 5 
Cl 1695 1895 47.9 5 
CO3 0.0 0 
HCO3 875 916 14.3 5 
NO3 76 76 1.2 2 
SO4 254 222 2.6 4 
Ca 91 94 2.3 5 
Mg 116 126 4.8 5 
Na 1061 1061 46.1 2 
K 19 19 0.5 2 
Fe Total 10.0 11.6 0.2 5 
SiO3 43 43 0.6 2 
pH 7.72 7.59 5 
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3.2 Corangamite Basalt Plains 
 
High Bicarbonate groundwater is found in the Upper Tertiary Basalts and Miocene - Pleistocene 
Limestone aquifers at shallow depths of less than 30 m.  The groundwater is brackish with a salinity of 
3000 – 5000 mg/L total dissolved solids and around 900 mg/L bicarbonate.  Sodium is the principal 
cation and the waters are mildly alkaline. 
 
BP - Corangamite Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 20.4 30.3 41 
TDS 3974 5035 53 
Cl 1552 2075 43.8 53 
CO3 48 208 0.8 10 
HCO3 924 990 15.1 53 
NO3 12 40 0.2 25 
SO4 150 211 1.6 37 
Ca 92 116 2.3 50 
Mg 149 210 6.1 50 
Na 1100 1255 47.8 37 
K 15 23 0.4 37 
Fe Total 5.2 38.6 0.1 32 
SiO3 29.5 35 0.4 42 
pH 7.8 7.58 53 
 
Shugg 2004; Appendix 05.01  Data of Victorian High Alkalinity Groundwaters 14
 
3.3 Otway Basin 
 
High alkalinity carbonated mineralised waters have been found in deep stratigraphic bores and 
petroleum investigation and production wells.  The accumulation of extremely high alkalinity waters 
and stratigraphic and structural trapping and accumulation of carbon dioxide and methane (CO2 – 
CH4) mixtures in various ratios is well known in the petroleum literature.  The different size of these 
molecules can influence their migration and entrapment, therefore the relative ratios or absence of one 
or the other. 
 
The high bicarbonate waters occur in several different aquifers and may be separated by aquifers with 
waters of quite different composition, this was observed by Johns (1971).  The development of the 
sodium bicarbonate facies in the Otway Basin was noted by Johns (1968, 1971) and Blake (1989).  
Accumulations occur in strata of: Lower Cretaceous, Upper Cretaceous, Palaeocene – Eocene and 
Oligocene – Miocene age. 
 
Effervescent mineral water from the Clifton Formation at a depth of around 300 m was found in a bore 
at Taaraak near Camperdown in 1993.  The salinity of the water was 5000 – 6000 mg/L total dissolved 
salts and the bicarbonate concentration was 3500 – 4100 mg/L.  Sodium was the principal cation.  The 
bore had a potential yield of around 2 ML/d.  That is more than the licensed mineral water allocations 
for the Central Victorian waters.   
 
New sources will continue be found as oil and gas exploration drilling continue in the Otway Basin.  
In 1996, the new Paaratte Gas Field (carbon dioxide (CO2)) was found near Port Campbell.  
 
SB - Otway Basin Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 1370 1362 34 
TDS 5428 9499 38 
Cl 2100 4102 59.3 38 
CO3 202 211 3.4 14 
HCO3 1600 1966 26.2 38 
NO3 9 14 0.1 10 
SO4 166 185 1.7 29 
Ca 128 221 3.2 28 
Mg 71 106 2.9 29 
Na 991 1023 43.1 9 
K 29 129 0.7 9 
Fe Total 3.0 71.0 0.1 11 
SiO3 22 39 0.3 17 
pH 8.11 8.17 36 
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3.4 Gippsland Basin 
 
Conditions similar to those in the Otway Basin exist in the Gippsland Basin.  Data has been collected 
for coal mining and for petroleum exploration and development.  The Lower Tertiary and Cretaceous 
sandy aquifers have associated carbonaceous sediments, coals and hydrocarbons.  With few exceptions 
these waters must be developed in bores.  A report of a mineral water occurrence has been made at 
Stratford (Kenley and Neilson, 1955), but the water quality was “too fresh”.  A spa investigation bore 
at Metung produced effervescence due mainly to the vigorous bubbling of methane and carbon 
dioxide2.  These examples serve to illustrate that carbonated mineral waters exist in the aquifers and 
reservoirs of the Victorian sedimentary basins.  Borehole development capacity of these aquifers is 
very large compared with the Central Victorian fissure based systems. 
 
SB - Gippsland Basin Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 1124.7 1403.9 13 
TDS 6100 6361 17 
Cl 969 1972 27.4 17 
CO3 0.0  
HCO3 1294 1521 21.2 17 
NO3 103 110 1.7 6 
SO4 1130 1040 11.8 15 
Ca 22 42 0.6 17 
Mg 28 59 1.2 16 
Na 2562 2539 111.4 14 
K 94 166 2.4 14 
Fe Total 10.0 17.6 0.2 8 
SiO3 39 36 0.5 8 
pH 8.28 8.19 17 
 
                                                     
2    The gas analysis was 2.2% carbon dioxide, while values in the basin range between 0.7 – 36%.  
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3.5 Mineral Waters of the Port Phillip Sunklands 
 
Waters with high bicarbonate alkalinity indicative of mineral water composition have been found in 
many bores in the Port Phillip Sunklands.  The only surface expression as a mineral spring occurs at 
Donnybrook on the Merri Creek in the northern part of the Sunklands.  Numerous bore hole 
intersections suggest a much more extensive occurrence of the mineral waters in the bedrock.  
Ambient groundwaters in the superficial aquifers do not mask these expressions. 
 
BP - Port Phillip Somerton Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 32.8 35.8 36 
TDS 4969 4857 36 
Cl 2112 1915 59.7 57 
CO3 42.5 144 0.7 18 
HCO3 1038 1343 17.0 57 
NO3 9 12 0.1 27 
SO4 100 146 1.0 48 
Ca 55 74 1.4 48 
Mg 315 308 13.0 48 
Na 986 989 42.9 41 
K 19 23 0.5 41 
Fe Total 2.2 10.7 0.0 36 
SiO3 49 47 0.6 43 
pH 6.58 7.78 57 
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3.6 Donnybrook – Somerton - Bulla 
 
In 1855, Dr Maund the State Analyst noted the occurrence of effervescent mineral water on the banks 
of the Merri Creek at Donnybrook.  The spring occurs about 15 km from the catchment divide at the 
northern margin of the Port Phillip Sunklands.  Merri Creek is situated near the centre of the 20 – 30 
km wide basalt basin that is bounded by the incised streams, Deep Creek in the west and the Plenty 
River in the east.  Small inselbergs of weathered Silurian bedrock protrude through the volcanic 
terrain.  The Donnybrook spring issues through a thin veneer of basaltic rock overlying the kaolinised 
weathered profile developed on the Silurian Dargile Formation. 
 
The wider distribution of this type of high alkalinity water is suggested by the occurrence in bores in 
the Quaternary basalt and in the Silurian rocks in the Merri Creek basin.  The bore hole intersections 
are situated at distances of 10 – 30 km from the uplands at the northern margin of the basin.  High 
alkalinity waters have been associated with intersections in basalt, in bedrock below basalt and in the 
weathered bedrock.  The springs are associated with the perennial discharge from fissure systems in 
the bedrock. 
 
The Average mg/L salinity of the high alkalinity waters in the Port Phillip Sunklands is around 5000 
mg/L total dissolved salts with 2000 mg/L chloride and 1300 mg/L bicarbonate.  Sodium is the 
dominant cation. 
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3.7 Barrabool – Bellarine Peninsular 
 
Carbonated mineral water discharges at Geelong and Clifton Springs on the northern coast of the 
Bellarine Peninsula.  The groundwater is saline with around 10000 mg/L total dissolved salts.  Other 
occurrences exist on the Peninsula in bores and in several different hydrogeological settings on the 
Bellarine Peninsula.   
 
The high bicarbonate waters are intersected in shallow bores in Upper Tertiary sand, gravel and 
sandstone.  In Lower Tertiary sand aquifers the water occurs on the western edge of the Barrabool 
Hills at Gnarwarre and in similar sediments on the east of the Peninsular at Port Arlington.  Deep bore 
intersections are between 200 - 300 m.  In several bores south of Geelong high bicarbonate 
concentrations may be accompanied by elevated nitrate levels.  Elevated bicarbonate concentrations 
also exist in shallow bores near some of the intermittently hypersaline saline lakes of the Barwon 
River flood plain. The groundwaters on the Peninsular are usually supersaturated with respect to 
calcite and dolomite and in the hypersaline sites carbonate precipitation may be expected. 
 
BP - Barrabool Bellarine Median 
mg/L 
Average 
mg/L 
Median 
in meq/L 
n 
Depth  m 14.25 61.3 12 
TDS 5800 5237.13 15 
Cl 2255 2183 63.7 15 
CO3 23 36 0.4 4 
HCO3 1210 1203 19.8 15 
NO3 17 27 0.3 6 
SO4 17 345 0.2 8 
Ca 35 51 0.9 9 
Mg 134 169 5.5 9 
Na 1620 1480 70.4 8 
K 25 27 0.6 8 
Fe Total 4 4.12 0.1 5 
SiO3 23.5 29.25 0.3 8 
pH 8.03 7.92533 15 
 
In summary, high bicarbonate geochemical facies are associated with freshening sequences in 
discharge zones, in portions of flow systems that may reflect ion exchange, carbonate solution and 
clay mineral reactions and in near isothermal evaporative environments of the flood plain. 
Shugg 2004; Appendix 05.01  Data of Victorian High Alkalinity Groundwaters 19
 4 Riverine Plains 
 
High Bicarbonate groundwaters have been observed in the shallow aquifers in the Mallee in Tertiary 
sediments of the Murray Group Limestone and in sands and silts.  In the Mallee drylands some occur 
in the sandy and clayey sediments of the Quaternary Coonambigal Formation.  The bores are usually 
less than 30 m deep and the salinity of the groundwater ranges from 2000 – 23000.  The high 
alkalinity waters are not associated with the saline brines. 
 
Riverine Plains Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 15.5 21.7 18 
TDS 4520 8176 25 
Cl 1397 3488 39.5 25 
CO3 549 534 9.2 6 
HCO3 1219 1274 20.0 25 
NO3 10 82 0.2 11 
SO4 278 614 2.9 22 
Ca 80 127 2.0 24 
Mg 152 232 6.3 24 
Na 1500 2579 65.2 20 
K 21 41 0.5 20 
Fe Total 5.0 27.1 0.1 15 
SiO3 27 33 0.4 19 
pH 7.90 7.79 25 
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4.1 Alluviated Valley Tracts – Wangaratta South  
 
Another high bicarbonate occurrence is in the aquifers of the Riverine Plains of Recent to Pleistocene 
age and consisting of sands, mudstone and conglomerates south of Wangaratta.  The high bicarbonate 
groundwaters are associated with strongly brackish groundwater with 12000 total dissolved salts.  
These aquifers are encountered at shallow depths of 13 to 19 m.  Usually the shallow groundwater is 
fresh and has a low salinity. 
 
BR - Wangaratta Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 15.2 15.9 3 
TDS 3380 5907 3 
Cl 1174 2363 33.2 3 
CO3 79 79 1.3 2 
HCO3 1013 1011 16.6 3 
NO3  
SO4 165 165 1.7 1 
Ca 62 63 1.6 3 
Mg 140 236 5.8 3 
Na  
K  
Fe Total 9.0 9.0 0.2 1 
SiO3  
pH 8.46 8.13 3 
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4.2 Dundas Tablelands 
 
Around 5 km north west of the Dundas Tablelands (Highlands) in Western Victoria shallow bores in 
the marine Parilla Sands have encountered high bicarbonate groundwater. The bores are usually 
around 20 m deep and the waters are saline with 5000 mg/L total dissolved salts, chloride 
concentrations of 2000 mg/L and bicarbonate exceeding 900 mg/L, sodium is the dominant cation.     
 
BR - Dundas Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 18.6 17.4 4 
TDS 4686 6331 10 
Cl 1813 2417 51.2 10 
CO3 36 30 0.6 3 
HCO3 928 1440 15.2 10 
NO3 2 
SO4 120 317 1.3 8 
Ca 140 137 3.5 9 
Mg 140 159 5.8 9 
Na 1200 2099 52.2 7 
K 34 28 0.9 7 
Fe Total 5.6 14.7 0.1 6 
SiO3 46 45 0.6 7 
pH 7.70 7.81 10 
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 5 Anthropomorphic Associations 
 
The inadvertent synthesis of strongly carbonated mineralised waters occurs around putrescible 
landfills and demonstrates one of the many chemical regimes that produces carbonated mineralised 
waters.  Anaerobic bacterial degradation of putrescible organic matter is the dominant process that 
produces copious quantities of methane and carbon dioxide. 
 
5.1 Municipal Landfill Surrounds 
 
Biological activity in Municipal Landfills produces large quantities of methane and carbon dioxide 
and results in leachate plumes with high alkalinity bicarbonate.  Groundwater close to landfills may be 
highly charged with gas and monitoring bores can provide a means of venting the aquifer. Victorian 
landfills are hosted in various geological settings; unconsolidated Tertiary sand, basalt, Palaeozoic 
siltstone and sandstones.  The process is widely identified in landfill monitoring programs established 
in Victoria.  Groundwater from bores surrounding landfills at Broadmeadows, Mordialloc, Moorabbin, 
Cranbourne, Port Melbourne and Rye groundwater have bicarbonate alkalinity of more than 1000 
mg/L.  The waters are sodium chloride bicarbonate waters with elevated concentrations of potassium 
(Average mg/L 240 mg/L) and may have nitrogen present as ammonia (100 – 450 as N). The elevated 
alkalinity is due to the anaerobic microbiological degradation of putrescible material in the landfills. 
 
Unusual isotope signatures are associated with the landfill leachate migration and the isotopic ratios in 
the different chemical species surrounding landfills.  Carbon 13 ratios are similar to those encountered in 
the mineral waters and bores around landfills may blow gas.  The landfill gas is usually 60% methane 
and 40% carbon dioxide, but the influence of chromatographic effects away from the landfills often 
witness a change in dominance. 
 
Plume - Municipal Landfills Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 18.3 23.7 36 
TDS 5500 5445 63 
Cl 1349 1543 38.1 64 
CO3 0.0 17 
HCO3 1767 2301 29.0 64 
NO3 6 9 0.1 18 
SO4 68 229 0.7 54 
Ca 49 115 1.2 62 
Mg 76 157 3.1 62 
Na 983 1046 42.7 60 
K 120 240 3.1 58 
Fe Total 11.0 23.0 0.2 45 
SiO3 21 50 0.3 36 
pH 7.77 7.73 64 
 
5.2 Industrial Waste Landfill's 
 
Elevated bicarbonate concentrations and gaseous carbon dioxide expulsion has been observed from 
monitoring bores at several industrial waste landfills in the Melbourne area (Shugg and Young 1986, 
Shugg, 1992).  The most notable are the observations from the Tullamarine and Broadmeadows 
landfills.  The waters in the plumes may have a Total Dissolved Salts content of 10000 mg/L, 
bicarbonate levels of 1500 - 2000 mg/L, sulphate of 800 mg/L and are slightly alkaline with a pH of 
7.1 – 7.5.  The elevated alkalinity is due to the microbiological degradation of organic material in the 
landfills. 
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Plume - Industrial Waste Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 38.0 33.4 42 
TDS 9423 10131 109 
Cl 4500 4454 127.1 109 
CO3 999 695 16.7 6 
HCO3 1341 1634 22.0 109 
NO3 9 29 0.1 22 
SO4 340 601 3.5 109 
Ca 180 216 4.5 109 
Mg 420 414 17.3 109 
Na 2600 2767 113.0 109 
K 23 53 0.6 109 
Fe Total 4.7 11.0 0.1 101 
SiO3 50 55 0.7 105 
pH 7.40 7.46 109 
 
5.3 Dairy Waste Plumes 
 
Extreme bicarbonate alkalinity phase exists in groundwater associated with dairy waste disposal 
plumes in aquifers of Western Victorian (1984, 1998).  This may be associated with a vigorous gas 
phase and has even led to aquifer solution and collapse (Shugg, 1979).  The sites examined are in a 
porous Miocene Limestone aquifer.  Substantial chromatographic zoning in the plumes exist, with 
rapid geochemical changes.  The potassium is noted at high elevations, often above 200 mg/L.  The 
bicarbonate concentrations attain levels of more than 6000 mg/L and the pH of the waters is slightly 
alkaline, with prolific bubbling of carbon dioxide (Shugg, 1998).  The elevated alkalinity is due to the 
microbiological fermentation of soured milk protean and sugars. 
 
Plume - Dairy Waste Median 
mg/L 
Average 
mg/L 
Median in 
meq/L 
n 
Depth  m 48.2 48.2 2 
Limestone, and whey waste  
TDS 3318 4050 9 
Cl 570 704 16.1 9 
CO3 0.0  
HCO3 1951 2495 32.0 9 
NO3 5 5 0.1 2 
SO4 8 124 0.1 7 
Ca 45 107 1.1 7 
Mg 28 42 1.2 7 
Na 446 425 19.4 7 
K 280 304 7.2 7 
Fe Total 7.5 11.6 0.1 5 
SiO3 21 21 0.3 7 
PH 7.49 7.47 9 
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6. Overview 
 
The plots accompanying this text illustrate the distribution of high alkalinity groundwaters in Victoria.  
There are notable relationships between the geological settings and water chemistry.  As a 
geochemical facies it is widely distributed.  It is evident and well documented that proton and base 
exchange and flushing of aquifers by fresh waters produce sodium bicarbonate waters.  When 
processes other than base exchange and carbonate solution regulate the pH of the solutions and keep 
the pH down greater amounts of CO2 can be taken into the solution due to the Bjerrum effect of the 
diprotic acid.  A change in redox condition and migration of the pH will lead to expression of CO2 to 
maintain electro neutrality of the solution.  The solubility of the gas is pressure dependent, and if the 
process is initiated some metres below the water table, which is evident at some of the springs.  Then 
this combined with rapid ascension and pressure solubility changes a effervescent water can be 
produced.   
 
This is the manifestation of geochemical processes most of which have been explored from the days of 
Priestly and the discovery of the gases.  
 
 
Table 1. Lithological Associations of High Alkalinity Groundwaters in Victoria. 
 
Location Depth Range Lithologies 
BP - Barrabool Bellarine 15.0 66.0 shallow bores in sands, gravels and sandstone.  Deep bores 200 - 300 m deep in conglomerate - mudstone,  
BP - Corangamite 20.4 30.3 Upper Tertiary Basalts and Miocene - Pleistocene Limestone aquifers 
BP - Port Phillip Somerton 32.8 35.8 Basalt TVN, with some Silurian - Devonian mudstones 
BR - Ararat 30.4 33.3 Ordovician (Cambrian Undifferentiated) bedrock sandstones - shales, grit and conglomerate 
BR - Bacchus Marsh 47.8 49.6 Some in shallow basalt and others in the underlying or O/C Ordovician bedrock sandstones and grits. 
BR - Ballarat 46.3 48.2 Ordovician bedrock, granite and schist (metamorphics), and O/L basalt 
BR - Bendigo 24.8 23.0 Ordovician bedrock, mudstones, sandstones, grits and conglomerates 
BR - Central Vic Mineral Springs 15.0 23.0 Ordovician bedrock 
BR - Dundas 21.6 20.0 Basalts, mudstones and sandstones 
BR - Dunolly 16.8 20.6 Ordovician schists, sandstones, grits DB conglomerate and mudstones 
BR - Euroa 3.8 5.2 Shepparton Formation and Violet Town Volcanics 
BR - Heathcote 27.0 27.1 Cambrian to Devonian mudstone, sandstone, grits "db" conglomerates 
BR - Shepparton 18.0 17.8 Cambrian - Ordovician sandstones, grits and mudstones 
BR - Wangaratta 15.2 15.9 Riverine Plains sediments; sands, mudstone and conglomerates 
BR - Woodend 26.5 32.2 Ordovician and basalt overlying the Ordovician 
BR - Yea 19.6 25.2 Silurian - Devonian limestone, sandstone, grit and mudstones 
Dairy Waste Plume 48.2 48.2 Miocene Limestone, and milk whey plume, fermenting 
Industrial Waste Landfill's 38.0 33.4 Various, unconsolidated Tertiary sands, basalts, silts and carbonaceous material 
Municipal Landfill Surrounds 18.3 23.7 Various, unconsolidated Tertiary sands, basalts, silts and carbonaceous material 
Riverine Plains 15.2 21.2 Tertiary sediments; Limestones (MGL), sands and silts 
SB - Gippsland Basin 1929.8 1480.9 Lower Tertiary aquifers associated with carbonaceous sediments, coals and petroleum reservoirs of Bass Strait 
SB - Otway Basin 1370.1 1362.4 Lower Tertiary aquifers associated with carbonaceous sediments, coals and petroleum reservoirs and limestone aquifers 
SB - Western District Limestone 21.3 19.1 Miocene Limestone 
 
BR = Bedrock, BP = Basalt Plains, SB  = Sedimentary Basin 
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Figure 1. Radar plots of the representative high alkalinity groundwaters of Victoria. 
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Plot of Median mequ/L for BR - Ballarat
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Plot of Median mequ/L for BR - Bendigo
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Plot of Median mequ/L for BR - Dundas
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Plot of Median mequ/L for BR - Dunolly
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Plot of Median mequ/L for BR - Euroa
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Plot of Median mequ/L for BR - Heathcote
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Plot of Median mequ/L for BR - Shepparton
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Plot of Median mequ/L for BR - Woodend
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Plot of Median mequ/L for BR - Yea
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 Plot of Median mequ/L for Western District 
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Plot of Median mequ/L for Otway Basin
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 Plot of Median mequ/L for BP - Barrabool Bellarine
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Plot of Median mequ/L for BP - Port Phillip Somerton
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Plot of Median mequ/L for Municipal Waste 
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Plot of Median mequ/L for Dairy Waste Plume
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 Figure 2. Geochemical Plots for characterisation of High Alkalinity Groundwaters, 
Victoria. 
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High Bicarbonate Alkalinity Groundwater for Victoria Na+K : Ca + Mg 
Ratio  versus Chloride
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High Bicarbonate Alkalinity Groundwater for Victoria Sulphate plus 
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High Bicarbonate Alkalinity Groundwater for Victoria Na+K : Ca + Mg 
Ratio  versus Bicarbonate Alkalinity
0.1
1.0
10.0
100.0
1000.0
100 1000 10000
Bicarbonate Alkalinity mg/L
N
a+
K
 : 
C
a+
M
g 
R
at
io
Central Vic Mineral
Springs
Bedrock Systems 
Basalt Plains
Anglesea Coal
Measures
Western District
Limestone
Riverine Plains
Gippsland
SB - Otway Basin
Poll bore - Dairy
waste
Plume - Industrial
Waste
Plume - Municipal
Landfills
 
 
Shugg 2004; Appendix 05.01  Data of Victorian High Alkalinity Groundwaters 34
High Bicarbonate Alkalinity Groundwater for Victoria Na+K : Ca + Mg 
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High Bicarbonate Alkalinity Groundwater for Victoria Na+K : Ca + Mg 
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High Bicarbonate Groundwater from Central Victorian Bedrock Areas 
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High Bicarbonate Groundwater from Central Victorian Bedrock
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High Bicarbonate Groundwater from Central Victorian Bedrock
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High Bicarbonate Groundwater from Central Victorian Bedrock
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High Bicarbonate Groundwater from Central Victorian Bedrock
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High Bicarbonate Groundwater from Central Victorian Bedrock
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VICTORIAN MINERAL WATER ANALYSES 
 
The following records have been compiled from Mineral Spring Analyses carried out by the 
Geological Survey, Victorian Mineral Water Committees, recorded in the boring records, Annual 
Assay Reports of the Mines Department, company reports, publications and unpublished sources.  The 
compilation has been developed from and enlarges upon Shugg, A., 1999. Victorian Mineral Water 
Analyses.  Technical Publication for the Victorian Mineral Water Committee. Department of Natural 
Resources and Environment.  ISSN 1328-4495.  Groundwater Report Series No. 164. 
 
1 Background to Mineral Water Analyses 
 
Water samples from the mineral springs of Victoria have been collected from the early 1850's.  One of 
the earliest extant analyses of Victorian mineral water is that made by Dr. Maund in 1855 of water from 
the Hepburn Mineral Spring.  In the 1864 minutes of the Hepburn Spring Committee it was reported that 
the Geological Survey geologist Mr. George Ulrich made a qualitative analysis of the Hepburn spring 
water, but the results appear to be lost in antiquity.  Similarly, the accounts by Newbery (1867) also refer 
to earlier determinations. 
 
The accompanying mineral water analysis listing builds on previous compilations and has had many 
additional analyses found in the annual reports of the Geological Survey Chemical Branch in a collection 
known as the “Annual Assay Reports”.  The annual assay and analytical reports from the laboratory 
retained and bound by the Laboratory.  Copies were lodged with the Mines Department Library and the 
Director of the Geological Survey.  Organisational restructuring after the loss of the Laboratory in 1983, 
combined with Departmental restructuring and downsizing of the functional areas made access to these 
public documents difficult.  A copy now exists in the Minerals Group Library, and an inferior carbon 
paper copy exists in the Minerals Group Core Laboratory. 
 
1.1 Analysts 
 
Many of the early recorded analyses of mineral waters were collected by the geologists of the Geological 
Survey (GSV) and reported on by the Chief Government Analyst of the day.  Many other samples were 
collected in the name of the Chief Analyst and were collected for local authorities and in many instances 
have escaped previous compilations.   
 
The analysts and samplers and the period in which they were active has been listed below; 
 
  1855    Maund, (Government Analyst for GSV) 
  1867    Cosmo Newbery (Government Analyst for GSV) 
  1887    Frederick Dunn (Government Analyst for GSV) 
  1894    W. Johnson (Government Analyst for GSV) 
  1895    G.F. Link (of Newtown, for Geelong Council) 
  1910    W. Johnson (Government Analyst for GSV) 
  1910-1920   Bayly (Government Analyst) samples collected by 
Ferguson and Baragwanath 
  1920 circa   P. Rankin-Scott (Government Analyst) 
  1929-1931   Watson (for Baragwanath - DGSV) 
  1964    McLaughlan and Macumber J., 1968 (McL&M) 
  1974-1975   Schaefer and Kecskemeti, 1981 (S&K) 
  1974-1976   Szabo (of GSV) - John Kennedy CC-GSV 
  1978-1980   Laing (of GSV) – Gordon Grant CC-GSV 
  1986-1992   Bannister SWL for MSAC & VMWC  
  1995-1999   Central Highlands Water for VMWC 
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2003-05-22 Victorian Mineral Water Committee                            
(WaterEcoscience) 
 
In connection with the Mines Department and the Geological Survey a special note is required to 
alleviate confusion and to differentiate between Mr. Frederick Dunn the Chief Government Analyst and 
his contemporary Dr. (Prof.) E.J. Dunn, the Director of the Geological Survey.  Both men were active in 
the investigation of the States mineral waters around the turn of the century (C1900). 
 
1.2 Spring Numbers 
 
Mineral Springs numbers are given the prefix MS  (being the spring number MS  1 - 118).  In around 
1980 Colin Laing of the GSV allocated many of the mineral springs a Geological Survey groundwater 
database number in the 8000 bore series.  In 1989, the Geological Survey data was copied into the State 
Groundwater Database now maintained under contract to the present Department of Sustainability and 
Environment by Sinclair Knight Merz.  Not all the springs were allocated database numbers, some have 
two numbers and unfortunate data transposition errors have been found in the implementation.  The 8000 
bore number scheme has not been followed in this compilation.  Rather the mineral spring number has 
been retained and enlarged (see Appendix 02.02). 
 
1.3 Commonly Repeated Names 
 
Commonly used names have led to almost as much confusion as name changes.  The names soda, 
pavilion and central spring are ubiquitous to all developed mineral spring reserves.  Of special interest 
are the examples of multiplicity in the spring names for example:  
 
 Hepburn Spring   Pavilion Spring; Rotunda Spring; Main Spring, Bottling Cellar  
     Spring. 
 New Spring   Wyuna, (relocated by underground mine workings); 
     Leggatts (uncovered by alluvial miners). 
 Soda Spring   at Clifton Springs; 
     at Hepburn Springs; 
     at Elevated Plains – Lithia Spring; 
     at Jubilee Lake; 
     at Blackwood. 
 Central Springs   at Hard Hills; 
     at Vaughan; 
 
The name "New Spring(s)" has been applied to Wyuna Spring and to Leggatt’s Springs, in both instances 
this was connected with their reappearance after an interruption of flow by mining activities.   
 
1.4 Changes in spring fixtures and outlets 
 
The history of the change in spring development, the different fixtures and amenities at spring eyes is in 
itself a study.  At the most heavily utilised springs, in the Hepburn Reserve, mine dewatering around 
1910 - 1913 stopped the flow of mineral water.  The underground passages of the North Frenchmans 
Reef mine Mauritius and Victory Tunnels cut the mineral water feeder conduits and the workings 
provided alternate routes for the ascent of the waters at an elevation 10 m higher and 300 m east of the 
Hepburn Spring.  This "new spring" was located at the old Wyuna Spring eye, it was previously not a 
significant spring.  Subsequently the water from the Wyuna eye was piped to the domed eye of Hepburn 
(Pavilion) Spring, water was obtained from the joint spring discharge for the Bath house and the excess 
was available for bottling and the nearby public spring "the lower eye in the creek" or "Locarno".  A 
shallow bore was put in at the eye and a hand pump attached to serve the Pavilion at this time. 
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The Central Spring trench (MS 42) has two pipes, one on the south and one on the east side of the sump. 
These develop the Central Springs - Hard Hills domed spring eye, stopping one slightly increases the 
flow of the other.  Some aspects of the plumbing of the spring eye remain a mystery, but when it was 
refurbished in 1998 and the two pipes were identified; the east pipe was driven into a reef of white quartz 
and the southern pipe trended parallel and away from the trench.  Based on other spring restoration 
works in Central Springs Reserve1 it is apparent that a large area of bedrock surface was cleaned and 
domed and the two pipes collect water from different parts of the dome.  The bores drilled in the vicinity 
of the Central Springs-Hard Hills eye give similar variations in water quality to that observed 
periodically in the pipes of the sump of the trench.  Locarno Spring has numerous outlets nipples from 
the pipe from the spring eye plumbing, they connect to a common feeder, but the relationship between 
plumbing in the HMSR is complex and uncertain.  Tipperary Spring and Spargo Creek Spring eyes have 
two pipes, but these are mainly for the convenience of the public. 
 
Mineral water investigation bores were drilled in the spring reserves at different times in 1929 there was 
activity at Hepburn, Sutton, Central, Vaughan – Glen Luce and others.  Some of these bores equipped 
with hand pumps have become known as "Mineral Springs".  Boring and doming has been an accepted 
method of development of the Mineral Springs.  The bores may have different mineral waters 
composition from that discharging from the native eye. 
 
1.5 Bores in the Reserves 
 
The Geological Survey drilled a large number of bores within the mineral spring reserves in the period 
1964-1976.  Analyses from the Geological Survey investigation bores are included in this compilation, 
and the appropriate annotations are made.  In some instances ambient still groundwaters were found in 
the upper sections of these bores, EC – salinity profiles have been recorded and show a mixing zone that 
may extend to depths of 10 m below the water table.  The Ordovician bedrock aquifer has two coexisting 
groundwater systems.  A shallow system in which a saline sodium chloride water facies is developed 
regionally, but near Daylesford contains fresh water, and a second system that extends to greater depth of 
circulation in which the sodium bicarbonate facie develops.  The Mines Department bores demonstrated 
the mixing with ambient shallow groundwaters waters and the spatial and temporal variability of the 
mineral water quality within some of the spring reserves.  The occurrence of mineral water in the Lithia 
Springs Reserve provides a good example the spatial variability of the composition in a mineral water 
discharge zone. 
 
2 Compilations of Mineral Water Analyses 
 
In the middle of the nineteenth century a first compilation was tendered the mineral waters of the State 
were classified into six classes (Cosmo Newbery, 1867).  Modern compilations of mineral water 
analyses have been made at the Geological Survey and were compiled by: Rulikowska (1961, published 
in 1969), Esplan (1969) and Laing (1981).  The current compilation is the most comprehensive and 
includes analyses taken in 2003. 
 
 
 
 
 
2.1 Mineral Water Committees 
 
Mineral water committees have been active intermittently from 1912, but the function of collecting water 
quality data was not been embraced until the activity of the Mineral Springs Advisory Committee and 
Victorian Mineral Water Committee.  In the 1986-1994 period the MSAC engaged Mr R Bannister from 
1 Refer to the Technical Notes on Central Spring Reserve for details of works or reports of Sinclair Knight Merz. 
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the State Water Laboratories (SWL) to sample a number of the springs.  The analyses included heavy 
metal, radiometric and bacteriological determinations.  In the period 1996-1999 the new VMWC 
continued the sampling program.  Central Highlands Water (CHW) sampled and analysed a number of 
the springs and continued the bacterial analysis of the spring waters.  In 2003, the Committee engaged 
WaterEcoscience to carry out sampling of the springs for major ions and trace metals. 
 
 
2.2 Expression of Analyses 
 
In this summary of the mineral water compositions the original analyses have been sourced and verified. 
 Many old analyses were expressed in combined form with the units of concentration expressed as grains 
per imperial gallon, eg 11 grains per gallon (imperial) sodium chloride.  The major ion concentrations 
were recalculated.  Several of the earlier compilations also did this and some discrepancies were noted, 
all reasonable attempts were made to neither introduce new errors nor replicate old ones. 
 
2.3 Groundwater Sampling and Analysis Methods (Shugg, 1997)  
 
Extract from: 
 
Shugg, A., 1997.  A Statewide Framework for Groundwater Contamination Assessment and 
Management in Victoria. Department of Natural Resources and Environment ISBN 0 7306 3456 6. 
 
Historical analyses of the Geological Survey include the first systematic suite of groundwater analyses in 
Victoria.  Though the oldest water analyses recorded by the State Analysts are probably those of the 
mineral waters between 1855 - 1867 (Maund 1855, Newbery 1867).  Qualitative analyses were referred 
to by Maund (1855) and others.  The systematic analysis of groundwater samples commenced in earnest 
in the 1960's with funding for the National Groundwater Investigation Program. However to assess the 
earlier analyses a summary of the analytical techniques have been summarised below. 
 
Probable analytical methods employed in “OLD“ analyses (after Bannister, 1991) 
 
Analyte Analytical Techniques used for period shown 
Year: 1910 1920 – 1930 1950 - 1970 
Chloride titrimetric - chromate indicator   
Bicarbonate titrimetric - MO and P indicator   
Sulphate gravimetric - precipitation as barium 
sulphate 
 turbidimetric -barium 
sulphate 
Calcium gravimetric -precipitation as exalate  titrimetric - EDTA 
Magnesium gravimetric -precipitation as Mg ammonium 
phosphate @ 
 titrimetric -EDTA 
Sodium2  gravimetric -scheme' finishing with NaCl 
and KCl 
Gravimetric -
precipitation as Na Zn 
uranyl acetate 
flame photometry ca. 1 
950 then AAS ca. 1968 
Potassium3 as for sodium  as for sodium 
Iron gravimetric -as oxide $ calorimetric –various digestion - AAS ca. 
1968 
Silica gravimetric -precipitation as silica $  calorimetric -
                                                     
    2 For some of the 1960's analyses a combined sodium plus potassium may have been determined by ion balance.  That 
is calcium and magnesium were analysed for and compared with the anion millequivalents, the deficit 
was attributed to Na + K.  A further manipulation is presented in the following footnote. 
    3 For a period the sodium determination included the potassium.  In some of these analyses the potassium concentration 
may have been later calculated from an assumed Na:K ratio. 
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molybdosilicate 
Carbon titrimetric - dioxide P endpoint   
    
NOTES: Indicators: MO  -  methyl orange, P  -  phenol pthalein 
* Analytical scheme - evaporate to dryness    wash with saturated barium hydroxide in excess; filter    wash 
with hot water    add excess ammonium carbonate and a few drops of oxalate (to precipitate a Ca and Mg) 
   boil    filter and evaporate again; redissolve    add slight excess of ammonium carbonate and continue 
until no further precipitation: evaporate to dryness    remove ammonium salts by high temperature drying 
and weigh remaining NaCl and KCl.  Later modification - dissolve K with platinic chloride and weigh 
NaCl separately. 
$ Analytical scheme - evaporate to dryness    bake for 112 hour    add dilute HCl  filter    ignite and weigh 
silica; precipitate filtrate with hydroxide    if aluminium and sulphate are negligible the Iron can be filtered 
   weighed and ignited as Fe203. 
@ ignited and weighed as pyrophosphate. 
 
The accuracy of the wetway titration methods was probably circa ± 5%.  Ion balance calculations on 
these waters should take this into consideration.  Similarly ion balance by concentration versus by 
activity can give differences of more than 10% difference between the respective balances in the usual 
range of waters encountered.  In many of the pollution waters considerable amounts of organic material; 
leachates with fatty acids for instance obviate any meaningful determination of a ion balance. 
 
Details of analytical and sampling techniques used in the Geological Surveys Pollution Monitoring 
program 1968-1983 (after John Kennedy - Chief Chemist). 
 
Following are the broad outlines of analytical methods used by the Chemical Branch of the Geological 
Survey on water samples arising from the Geological Survey Pollution Investigation. 
 
Analyte Method of determination 
Total Dissolved Salts By summation of major cations and anions 
Chloride Electrometric titration using a silver-silver chloride electrode and buffered 
quinhydrone halfcell.  Galvanometer reading denotes end-point. 
Carbonate Titration with standard acid phenolphthalein indicator. 
Bicarbonate Titration with standard acid using methyl orange indicator screen with xylene cyanol. 
Sulphate Classical gravimetric 
Nitrate Phenoldisulphonic acid method with final measurement by colorimeter 
Calcium, magnesium, 
sodium, potassium 
and iron 
Determined by atomic absorption spectroscopy 
pH Digital laboratory pH meter reading to 2nd decimal place 
Trace Heavy Metals (zinc, copper, manganese, lead, cadmium and chromium) Samples were acidified 
immediately they were received concentrated by evaporation and determined by 
atomic absorption spectroscopy.  The technique of standard addition was used for all 
six elements. 
Mercury Atomic absorption spectroscopy 
Phenolic Substances As in "Standard Methods for the Examination of Water and Wastewater" involving 
(chloroform) extraction distillation development of antipyrine dye and measurement of 
colour on a spectrophometer. 
Fluoride As in "Standard Methods" using the alizarin visual method    preliminary procedure 
modified in several ways.  Alternative use of selective ion probe. 
Surfactants Modified methylene blue method. 
Total Phosphate Colourmetric 
Total Nitrogen 
Ammonia Nitrogen 
Kjehdahl method 
TOC TOC (total organic carbon) analyser 
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Analyte Method of determination 
IOC IOC (insoluble [particulate] organic carbon) analyser 
J.C. Kennedy CHIEF CHEMIST Mines Department4  
 
Analytical Techniques used from 1983 onwards for analysis of groundwater samples State Water 
Laboratories (RWC)5. 
 
Specific Test Technique 
Total Dissolved Solids    105oC gravimetric APHA 2540 B 
Total Dissolved Solids    180oC: gravimetric APHA 2540 C 
Total Dissolved Salts (summation) pre 1983:  Cl    HCO3    CO3    SO4    NO3   
Ca    Mg    Na    K    Fe tot    Fe sol    SiO3 
 post 1983: Cl    HCO3    CO3   SO4    NO3   Ca    Mg  
  Na   K 
Chloride    as CL potentiometric titration APHA 4500- ClD 
Total Alkalinity    as Ca CO3 potentiometric titration APHA 2320 B 
Carbon Dioxide (titrated) as CO2 titration 4500-CO2 C 
Sulphate    as S04 direct ICP5 
Nitrate    as N auto colorimetric APHA-NO3- F 
Nitrite    as N auto colorimetric APHA-NO3- F 
Nitrate & Nitrite   as N auto colorimetric APHA-NO3- F 
Magnesium    as Mg direct ICPl 
Sodium    as Na direct ICPl 
Potassium as K direct ICPl 
Fluoride    as F ion .selective electrode APHA 4500-FC 
Iron    total as Fe direct ICP on AAS # 
Iron    as Fe (USN) USN/ICP2 @ 
Silica    reactive as SiO2 auto colorimetric  APHA 4500-Si F 
Silica    total as SiO2 direct ICP5 
pH    units  electrometric APHA 4500 H-*B 
Hardness    CaC03 titration APHA 2340 C 
EC 25oC    microS/cm contuctometric APHA 2510 B 
  
Colour Pt/Co Units visual comparison Nessler tubes APHA 2120  B 
Turbidity    NTU nephelometric Hach 2lOOA APHA 2130 B 
Suspended Solids gravimetric APHA 2549 D 
Volatile Suspended Solids gravimetric APHA 2540 E 
Aluminium as Al (direct) direct ICP 
Aluminium    as Al (graphiteAA) Graphite FAAS 
Aluminium    as Al (USN) USN/ICP2 
Antimony    as Sb direct ICP 
Arsenic    as As hydride generation4 
Boron    as B (direct) direct ICP 
Boron    as B direct ICP 
Barium    as Ba (USN) USN/ICP2 
Total Bromide + Iodide    as Br colorimetric (fluorescein)$ 
Cadmium    as Cd direct direct ICP1 
Cadmium    as Cd (solvent) solvent extract ICP F 
Cadmium    as Cd (USN) USN/ICP 
Chromium    as Cr direct direct ICP1 
Chromium    as Cr (solvent) solvent extract ICP 
                                                     
    4   adapted from Riha, M., (1975) Geological Survey Report 1975/5. 
    5 information provided by Mr R. Bannister of WaterEcoscience. 
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Specific Test Technique 
Chromium    as Cr (USN) USN/lCP2 
Cobalt    as Co (direct) direct ICP 
Copper    as Cu (direct) direct ICP 
  
  
Copper    as Cu (solvent) solvent extract ICP 
Copper    as Cu (USN) USN/ICP2 
Iodide as I  selective ion electrode $ 
Lead    as Pb (direct) direct ICP1 
Lead    as Pb (solvent) solvent extract ICP 
Lead    as Pb (USN) USN/ICP2 
Lithium    as Li direct ICP 
Manganese    as total Mn direct ICP or AAS 
Manganese    as Mn (USN) USN/ICP2 
Mercury as Hg cold vapour 
Molybdenum    as Mo direct ICP 
Nickel    as Ni (direct) direct ICP1 
Nickel    as Ni (solvent) solvent extract ICP 
Nickel    as Ni (USN) USN/ICP2 
Selenium    as Se hydride generation 
Silver    as Ag direct AAS 
Strontium    as Sr direct ICP 
Tin    as Sn direct ICP 
Zinc    as Zn (direct) direct ICP1 
Zinc    as Zn (solvent) solvent extraction ICP 
Zinc    as Zn  (USN) USN/ICP2 
  
Ammonia as N selective electrode APHA 4500 NH3 F 
Azure -A Active substances extraction colorimetric $ 
Biochemical Oxygen Demand 5 day APHA 5210 
Chemical Oxygen Demand APHA 5220 
Cyanide as Cn total 4500-CN C+D 
Dissolved Oxygen as DO (lab) DO Meter & titration APHA 4500-O C & G 
Phosphorus reactive as P auto colorimetric APHA 4500-P F 
Phosphorus total as P persulphate digestion APHA 4500-P B(5) 
Phenolic Compounds as Phenol distillation colorimetric APHA 5530 B&C 
Sulphide total as S (titrated) titration 4500-S=E 
Tannins and lignins colorimetric APHA 5550 B 
Total Kjeldahl Nitrogen as N SWL digestion (APHA 4500-Norg C) 
Total Organic Carbon combustion IR APHA 5310 B 
Trihalomethanes total(mg/L) head space GC$ 
AAS - Atomic Adsorption Spectrophotometry  
ICP - Inductively Coupled Plasma Emission Spectrometry 
CG - Gas Chromatography 
APHA  American Public Health Association Standard Methods for Examination of Water and Waste Water 
17th  Edition 
$ - State Laboratory Method 
# -0 Direct ICP - digestion 10% HCl 5h./110oC 
USN/ICP - ultrasonic nebulisation ICP (after digestion 10% HCl 5h./110oC)  
F - solvent extraction ICP - digestion in 1% HNO3 (boiling for 10 m.) APDC/NaDDC chelation then extraction 
into DIBK. 
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Specific Test Technique 
Comments 
1. Direct ICP analysis was used from January 1984 onwards prior to that time AAS was used for these metals. 
2. Before the USN/ICP method was employed in July 1988 evaporation was used as a concentration technique 
prior to analysis by ICP the detection limits were similar. 
3. Cold vapour AAS was used until January 1986 when the current procedure using a dedicated long path 
length mercury detector was implemented. 
4. Until March 1985 a combination of manual hydride AAS and automated hydride AAS (using a SWL 
developed technique) were used after that time automated ICP and then AAS with hydride attachment in May 
1991 were used. 
5. Prior to January 1984 sulphate was analysed by turbidmetric procedure (current APHA 4500 - 
SO42- E) and silica by colorimetric technique listed above. 
  
 3
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 Summary of Analyses from the Mineral Springs of Victoria 
 
 
MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
2 Joyce's Creek 
(MS 2) 
 5 3 1936 2333 579 781 170 64 115 449 24 151 0.04 -5.7% NA  MS2, Joyce's Creek MS 
        
3 Turpins Falls (MS 
3) 
 1 1 1912 2028 78 1366 91 104 284 9 96 0.03 -4.4% NA Bayly MS3, Turpin Falls(Bayly) 
3  25 3 1930 1701 95 1108 136 64 185 19 4 90 0.03 -7.6% NA H Foster MS3  Turpin Falls(Foster) 
3  9 10 1980 1522 69 101 874 3 2 123 222 13 1 95 1600 8.90 0.02 -3.8% NA Laing, C. MS3  Turpin Falls(Laing) 
3 Turpin Falls  3A upstream of 
(perhaps a mixed spring water) 
1 1 1912 751 72 422 3 38 48 78 3 87 0.01 -7.3% NA Bayly MS3A, Turpin Falls(Bayly) 
3  8 4 1981 670 80 351 1 12 40 41 60 4 41 81 940 7.60 0.01 -2.4% 450  MS3A, 300 m Upstream of Falls 
 
4 Black Creek (MS 
4) - Lubys Creek 
 1 1 1912 4868 185 3322 3 109 89 1096 20 47 0.07 -1.8% NA Bayly MS4, Black Creek (Bayly) 
4  2 2 1978 7768 192 5455 45 85 222 1664 63 42 7000 7.99 0.11 -2.7% NA Laing, C. MS4, Black Creek (Laing) 
 
7 VGL - Glen Luce 
(MS 7A) [8] 
26228003 1 12 1964 4042 255 2640 57 252 235 520 11 13 55 6.50 0.07 -3.7% 4876 McL & M MS7A, Glen Luce Sp (McL&M) 
7  9 1 1976 2429 42 1739 22 127 106 344 9 96 40 2440 7.42 0.04 -0.4% 2326 Szabo MS7,  Glen L Li=0.6(Szabo) 
7  24 1 1978 3263 249 2200 200 60 202 536 10 3 46 3450 7.95 0.05 -9.4% NA Laing, C. MS7A  GL B Glen Luce(Laing) 
7  24 1 1978 2688 589 1141 209 61 227 407 7 13 47 3500 7.80 0.05 -5.5% 1404  MS7   Glen Luce A 
7  24 1 1978 1889 147 81 1136 21 7 117 368 8 3 4 2100 8.80 0.03 -1.5% NA  MS7   Glen Luce B 
7  8 12 1988 3784 260 2800 49 200 120 350 5 6.5 30 4200 6.80 0.05 -26.9% 4557 RB Glenluce A (RB) 
7  8 12 1988 3655 260 2680 50 200 120 340 5 6.8 31 4200 6.80 0.05 -25.8% 4362  Glenluce B (RB) 
7  25 3 1930 3007 202 1966 59 192 141 391 11 15 38.1 0.05 -6.4% NA H Foster Glenluce Pump Spring No. 1  
7  25 3 1930 3008 202 1966 61 198 141 384 9 17 38.1 0.05 -6.5% NA H Foster Glenluce Pump Spring No. 2  
7  25 3 1930 2819 112 1950 34 186 126 349 5 20 46.99 0.05 -6.6% NA H Foster Glenluce Pump Spring No. 3  
7  5 12 2002 3800 280 2600 0.133 67 230 160 470 8.1 6.3 32 4200 6.20 0.06 -12.7% 5573 WaterEcosci
ence 
 Temp 12.9 deg C 
7 VGL - Vaughan – Central 
Spring No.1  [MS 7D] bore [4?] 
17 11 1929 3973 248 2583 113 247 261 398 24 99 0.07 -8.2% NA Bara. above Central No.1  
7 VGL - Vaughan - Central Spring 
No.1 (MS 7D) bore [4] 
17 11 1929 4281 444 2552 149 305 285 431 14 101 0.08 -8.3% NA Bara. MS7D 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
7 VGL - Vaughan - Central Spring 
No. 2   -  (MS 7D)  Pump No. 2 
25 3 1930 1717 222 947 77 84 107 214 22 13 40.64 NA H 
Foster/Watso
n 
 
7 VGL - Vaughan - Central Spring 
No. 2 ? - (MS 7D)  Pump No. 1 
25 3 1930 2509 340 1378 116 123 165 324 24 11 36.83 NA H 
Foster/Watso
n 
 
7 VGL - Vaughan 
Main Spring Jim 
Paull Spring [1] 
[MS 7F] 
26228001 17 11 1929 3649 365 2101 206 211 209 467 26 6 54 0.06 -6.8% NA Bara MS7F eye (Bara. 1929) 
7  25 3 1930 2240 225 1304 107 124 119 298 17 15 40.64 NA  H Foster/Watson 
7  16 6 1961 4113 253 2743 164 268 206 530 11 2 19 7.50 0.07 -8.1% 3598 Thomas MS7F (Thomas) 
7  1 12 1964 3502 443 1918 167 168 274 460 8 9 54 0.06 -3.0% NA McL & M MS7F (McL & M) 
7  9 1 1976 3262 326 1867 210 178 172 464 7 2 34 20 7.49 0.05 -6.7% 2455 Szabo MS7F Vaughan Li=0.5(Szabo) 
7  24 1 1978 2642 309 1426 193 51 171 443 6 3 43 20 7.92 0.04 -4.9% NA Laing, C. MS7F (Laing) 
7  12 1 1988 3239 330 1950 160 180 150 430 3 4.7 39 6.30 0.05 -11.0% 3968 RB MS7F Vaughan (RB) 
7  5 12 2002 1500 140 890 69 85 92 180 2.9 5 32 1800 6.00 0.03 -6.0% 2133 WaterEcosci
ence 
 Temp 13.2 deg C 
7 VGL - Lawsons 
Spring (MS 7G) 
"bore" near the 
river [2?] 
26228002 17 11 1929 4722 651 2555 247 241 319 598 35 6 70 0.08 -7.3% NA Bara. MS7G bore at river 
7 VGL - Lawsons Spring (MS 7G) 
(bore) [2] 
17 11 1929 2977 437 1576 149 153 201 365 29 13 54 0.05 -6.8% NA Bara. MS7G bore S of eye (Bara.) 
7  17 11 1929 3432 356 1991 160 197 208 429 30 4 57 0.06 -6.3% NA Bara. MS7G bore at eye (Bara.) 
7  25 3 1930 1158 148 623 56 54 66 131 32 25 30.48 NA  H Foster/Watson 
7  16 6 1961 3456 446 1915 216 174 225 470 10 20 0.06 -6.8% NA Thomas MS7G (Thomas) 
7  1 12 1964 3196 306 1869 143 177 207 425 7 8 54 0.06 -3.8% NA McL & M MS7G (McL & M) 
7  24 1 1978 3554 439 1920 248 172 234 483 7 3 51 4010 7.31 0.06 -6.5% 2644 Laing, C. MS7G Lawsons Spring (Laing) 
7  12 1 1988 3194 460 1700 220 150 190 430 5 2.9 47 3700 6.40 0.05 -10.0% 3292 RB MS7G Lawson's (RB) 
7  5 12 2002 3500 550 1900 0.266 280 150 190 470 6.1 26 34 4400 6.10 0.06 -14.0% 4301 WaterEcosci
ence 
 Temp 13.8 deg C 
        
9 Limestone Creek or Gilmore's 
(MS 9) 
1 1 1952 4445 285 3004 20 268 194 615 49 0.07 -5.9% NA  MS9 
9  10 2 1979 4281 589 2518 24 254 194 655 10 37 7.10 0.07 -6.8% 3689 Laing, C. MS9 (Laing) 
9 Mt Franklin 
Mineral Water 
Bores at MS 9A 
394710003 19 6 1979 16.7 26.8 2.4 3500 376 2199 13 78 178 628 12 3 16 3860 7.88 0.06 -5.0% NA  YANDOIT 
9  19 6 1979 15.8 16.7 2.4 4082 287 2742 1 13 57 194 767 12 11 9 4240 7.86 0.06 -4.3% NA  YANDOIT 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
9  22 6 1979 2.4 3876 404 2447 5 7 81 192 715 11 7 14 4260 7.95 0.06 -4.5% NA  YANDOIT 
9  2 7 1979 2.4 3951 325 2605 3 58 192 743 12 10 13 4200 8.00 0.06 -4.2% NA  YANDOIT 
9  5 12 1979 4265 384 2704 15 269 177 670 12 8 34 4450 7.38 0.07 -3.8% 3654  YANDOIT 
9  6 12 1979 2620 424 2626  4460 7.40 0.03 3530  YANDOIT 
9  6 12 1979 2626 436 2597  4470 7.48 0.03 3423  YANDOIT 
9  7 12 1979 2620 450 2560  4460 7.48 0.03 3374  YANDOIT 
9  8 12 1979 4162 458 2512 18 274 180 676 12 7 31 4455 7.43 0.07 -2.3% 3352  YANDOIT 
9 Mt Franklin 
Mineral Water 
Bores at MS 9B 
394710004 13 6 1979 11.3 45.5 2.8 3506 570 1960 23 48 201 661 10 7 33 4140 8.10 0.06 -4.9% NA  YANDOIT 
9  13 9 1979 12.0 42.0 3.0 2074 512 917 36 17 136 405 13 3 38 2810 8.09 NA   
9  13 9 1979 18.3 2090 510 74 832 40 43 133 408 14 36 2900 8.32 NA   
        
10 Kyneton Boggy 
Creek (MS 10) - 
HP in Northern 
Rotunda  
297900001 1 1 1911 1588 39 1065 119 131 204 27 3 0.03 12.0% NA  371/1911   LB 4., p 641 
10  19 3 1912 1676 81 982 115 126 225 21 9 0.03 13.4% NA Bayly P= 18.2 Bayly 
10  23 1 1941 1813 83 1321 100 143 150 6 10 0.03 -6.7% NA  MS10 
10  22 7 1958 1896 78 1352 2 104 151  62 6.40 0.03 -25.8% 2618  MS10, Kyneton No.2 
10  22 9 1961 511 33 350 38 37 24 3 1.6 19 7.00 0.01 -10.4% 530  MS10 
10  1 12 1964 1934 75 1265 6 92 145 260 7 9 71 0.03 3.5% NA McL & M MS10 (McL & M) 
10  5 7 1974 1845 75 1285 5.4 100 139 135 5 9.5 114 1860 6.13 0.03 -10.2% 2861 S & K Noted as pump 150m N of MS10 
by (S&K), just to add to confusion 
10  25 3 1976 1808 74 1241 3 97 141 146 6 0.1 100 1870 7.65 1574   
10  25 1 1978 1752 77 1217 73 145 137 6 1 97 8.04 0.03 -9.4% NA Laing, C. MS10 (Laing) 
10 Kyneton Boggy 
Creek (MS 10) - 
HP in Northern 
Rotunda new bore
297900001 7 9 2000 1337.
7
83 673 110 170 180 6.4 6.94 108.5 6.20 0.03 25.3% 1443 Amdel E16841 
10  5 12 2002 2100 80 1600 1 100 150 170 5.9 10 86 2200 6.20 0.04 -14.0% 3430 WaterEcosci
ence 
 Temp 14.9 deg C 
10 Kyneton Boggy 
Creek (original MS 
10A) - Seep at 
river edge 7 m 
from bore  
NA 19 3 1912 1367 73 818 93 109 179 10 85 0.03 8.6% NA  Given number MS10A by Bayly, 
noted flow from pipe, at river edge 
7 m from Lauriston 1 
10 Kyneton  - Boggy 
Creek 1986; Shire 
bore new Hand 
297910093 13 3 1986 5.5 6.5 1560 69 1219 6 120 140 5 0.4 118 1600 6.70 0.02 -23.0% 2064  bore develops basalt 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
Pump 
10  13 3 1986 1030 91 743 13 1 84 94 3 20 94 1100 8.00 NA   
10  12 1 1988 1694 83 1220 0.058 8.7 76 100 120 3 7 98 1900 6.10 0.03 -20.3% 2762 RB MS10A Kyneton (RB) 
10  5 12 2002 2200 79 1800 9 83 120 130 4.3 9.1 81 2400 6.00 0.03 -29.9% 4314 WaterEcosci
ence 
 Temp 12.6 deg C 
10 Kyneton  - Boggy 
Creek MS 10A 
2003 replacement 
bore Southern 
Hand Pump 
   2003 24.5 27.0 ~1 2178 86 1525 0 0 113 159 160 9 5.17 120.3 6.43 0.03 -29.9% 4314 ASL new bore replacing southern hand 
pump bore, 3 m to south 
 
10 Kyneton  - Boggy 
Creek 1986; Shire 
bore, not 
developed - 
capped 
297910094 13 3 1986 10.9 12.2 2.2 1474 70 1073 6 81 110 130 4 119 1600 6.60 0.03 -11.1% 1895  bore develops basalt 
10 Kyneton: Southern 
MS 10A now 
known as Bottling 
Bore 
297908005 22 7 1958 1682 70 1195 2 94 140  68 6.40 0.03 -24.0% 2314  MS10 Kyneton No. 1 
10  26 3 1971 1963 66 1331 101 148 162 6 37 149 7.00 0.03 -5.7% 2015 Taken at time 
of pump test 
MS10 
10  5 7 1974 1863 77 1294 4 103 144 137 5 6 112 6.00 0.03 -9.5% 3101 S & K MS10A Kyneton I (S&K) 
10  25 3 1976 1819 74 1257 98 144 144 6 0.1 96 1920 6.29 2571   
10  15 6 1976 1831 76 1251 97 142 147 6 6 112 1757 6.45 2365   
10  25 1 1978 1771 81 1212 96 140 132 6 15 93 7.45 0.03 -7.4% 1609 Laing, C. MS10A (Laing) 
10  16 1 2003 1800 78 1300 0.177 4 95 130 140 5.1 8.5 85 2000 6.20 0.03 -11.7% 2786 WaterEcosci
ence 
 Temp 19.1 deg C 
10 Kyneton  - Boggy 
Creek: bores with 
acidic 
groundwater  
297915050 21 8 1985 36.0 42.0 5.0 334 140 75 5 5 15 89 5 1.6 97 650 5.80 0.01 -8.3% 203  sandstone 
10 Kyneton  - Boggy 
Creek basalt bore 
1.5 km SE of 
reserve. "Identified 
as  a bedrock 
bore" 
297910135 8 5 1987 8927 4100 1585 155 170 47 530 2300 39 6.3 77 8.30 0.17 -4.2% NA  bore develops bedrock - lith code 
= sandstone 
10 Kyneton  - Boggy 
Creek basalt 
aquifer bores 
Lauriston. 
297910023 10 10 1980 14.0 38.0 8.0 479 60 10 233 22 3 22 34 51 2 2 42 620 8.20 0.01 -6.9% NA  basalt 
10  20 6 1982 21.0 29.0 8.0 561 122 10 233 9 8 25 38 82 4 30 780 8.30 0.01 -4.1% NA  basalt 
10  10 2 1987 1514 800 280 12 3 110 210 99 0.1 81 2900 7.40 0.04 -9.9% 376  basalt 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
10  16 9 1982 25.0 29.0 3.7 404 111 117 4 20 32 35 85 540 7.30 0.01 -11.6% 162  basalt 
10 Kyneton  - Boggy 
Creek: bores with 
acidic 
groundwater  
297915005 21 8 1985 33.0 39.0 6.0 349 150 74 6 5 16 93 5 3.4 100 680 5.80 0.01 -8.0% 200  sandstone 
10  21 8 1985 35.0 41.0 8.0 349 150 74 6 5 16 93 5 3.2 100 670 5.80 0.01 -8.1% 200  sandstone 
10  21 8 1985 38.0 39.0 6.0 1042 610 56 5 36 70 260 5 7 94 2100 6.30 0.02 -3.2% 114  sandstone 
10  21 8 1985 39.0 45.0 6.0 348 150 74 6 5 16 92 5 2.7 98 660 5.70 0.01 -8.4% 214  mudstone 
10  4 7 1985 30.0 34.5 2.5 1625 1000 48 4 130 120 320 3 5.5 100 3300 5.80 0.04 -4.3% 130  mudstone 
10  12 5 1990 61.0 98.0 12.0 1221 730 81 3 11 99 98 200 2 46 2400 6.40 0.03 -7.1% 157  sandstone 
10  21 8 1985 32.0 37.0 5.0 348 150 74 6 5 16 92 5 2.4 99 670 5.70 0.01 -8.6% 214  sandstone 
 
11 Murphys (Upper Limestone 
Creek) (MS 11) 
26 3 1980 1817 72 1252 2 3 191 81 153 6 6 57 1860 7.70 0.03 -6.5% 1571 Laing, C. MS11 U Limestone Ck 
 
13 Coliban Reservoir (MS 13) 10 7 1912 2118 324 1244 1 96 166 248 12 2 25 0.04 -6.1% NA Bayly MS13 
 
15 Tylden MS 92 bore No. 1 9 5 1940 575 188 207 8 16 33 123 NA Watson Bores at the road side 
15 Tylden MS 92 bore No. 2 9 5 1940 2069 289 1284 55 184 257 NA Watson Bores at the road side 
15 Tylden MS 92 bore No. 2 hand 
pump on road side (removed 
circa 1992) 
22 7 1958 1503 168 938 4 75 123 161 59 6.20 0.03 -5.5% 2011 Kenley MS 92 Kenley else MS 15 
15  1 12 1964 1343 123 791 6 54 112 150 23 23 6.00 0.02 4.0% 1896 McL & M MS15 
15  5 7 1974 986 164 560 5 48 83 98 1 3 29 5.80 0.02 -7.1% 1515 S & K Doubt that it is the MS15 Tylden 
eye in the creek therofre assigned 
to bore 
15  5 4 1976 959 164 560 4.7 48 83 90 1.1 3 28.8 1190 5.80 1515   
15  25 1 1978 1086 161 30 591 3 46 95 120 2 2 38 1345 8.35 0.02 -5.2% NA Laing, C. MS 92 
15  11 11 1986 42 9 12 1 1 4 10 1 0.7 10 97 5.90 0.00 18.7% 31 RB MS 92 Tylden 
15  14 11 1986 145 19 80 1 6 8 21 1.6 11 200 6.40 0.00 -3.2% 155 RB MS 92 Tylden 
15  4 9 1989 122 12 76 2 10 8 13 1 10 22 160 6.70 0.00 3.7% 129 RB MS 92 Tylden 
 
16 Lithia Spring (MS 16) 1 1 1903 2438 120 1017 16 87 241  33 65 0.03 0.1% NA  MS16 
16  1 1 1920 4950 156 3436 20 407 35 834 19 4.1 36 0.07 -5.9% NA P. Rankin 
Scott 
Li=9.2 PD 
16  26 2 1975 4984 129 3596 14 166 228 797 12 2.3 41 6.30 0.08 -5.9% 7317 Szabo MS16 T=14.0 C 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
16  18 3 1975 9473 66 7027 4 213 482 1618 24 5.6 39 7620 7.09 0.14 -3.8% 10327 Szabo MS16 bore at spring 
16  16 10 1986 4600 130 3416 19 150 190 730 9 1 37 4500 6.70 0.07 -9.2% 5785 Kingsbury RWC 
16  4 4 1990 4407 130 3170 20 160 200 720 7 2.9 34 4800 6.60 0.07 -5.1% 5600 RB Lithia 
16  4 4 1991 4407 130 3170 0.066 20 160 200 720 7.3 2.9 33.6 4800 6.60 0.07 -5.1% 5600 RB  
16  16 1 2003 5400 120 4100 15 150 180 850 9.4 2.7 24 5100 6.30 0.08 -13.1% 8342 WaterEcosci
ence 
 Temp 17.6 deg C 
16 Lithia MSR: - 
Investigation 
Bores 
261800008 6 2 1975 8.6 9.0 2.5 6558 54 4880 19 20 321 1214 19 31 8.09 0.09 -4.9% NA   
16 261800008 6 2 1975 8.6 9.0 2.5 6325 56 195 4453 25 8 322 1219 19 28 5780 8.36 0.09 -3.7% NA   
16 261800008 6 2 1975 8.6 9.0 2.5 6558 54 4880 19 20 321 1214 19 31 5950 8.09 0.09 -4.9% NA   
16 261800008 10 2 1975 12.0 19.0 2.5 728 88 384 49 68 48 49 4 38 922 7.59 0.01 -8.2% 493  Not in Laing 1977 
16 261800008 10 2 1975 19.0 30.0 2.5 903 89 522 44 64 56 88 4 36 1090 8.09 0.02 -7.3% NA  Not in Laing 1977 
16 261800008 10 2 1975 20.0 30.0 2.5 577 88 21 249 45 40 46 48 4 36 780 8.29 0.01 -7.6% NA  Not in Laing 1977 
16 261800008 10 2 1975 20.0 30.0 2.5 723 88 384 45 68 48 49 4 37 909 7.71 0.01 -7.8% 481  Not in Laing 1977 
16 261800008 12 2 1975 13.8 30.0 10095 50 7534 14 225 427 1764 26 23 55 8205 7.07 0.15 -5.6% 11143   
16 261800008 12 2 1975 27.0 30.0 10251 80 7662 3 222 431 1785 26 24 42 8250 7.40 0.15 -6.1% 10301   
16 261800008 2 4 1980 8.6 30.0 9060 82 6742 2 4 202 381 1593 21 0.1 33 7600 7.40 0.13 -5.8% 9064   
16 261800009 11 2 1975 8.5 15.0 3.4 6179 95 4529 4 21 117 270 1101 16 26 5620 7.98 0.09 -5.2% NA   
16 261800009 11 2 1975 8.5 15.0 3.4 6174 93 4490 3 26 118 267 1132 17 28 5600 7.95 0.09 -4.0% NA   
16 261800009 13 2 1975 8.5 15.0 2.2 7239 58 5399 12 23 354 1337 20 36 6400 8.25 0.10 -5.1% NA   
16 261800009 13 2 1975 8.5 15.0 2.2 7125 58 5313 12 8 352 1331 20 31 6240 8.02 0.10 -4.9% NA   
16 261800009 14 2 1975 8.5 15.0 7978 54 5984 209 356 1311 20 75 34 6500 7.18 0.12 -5.4% 8552   
16 261800009 14 2 1975 8.5 15.0 10034 62 7524 227 430 1740 22 18 28 7830 7.10 0.15 -5.8% 11022   
16 261800009 14 2 1975 8.5 15.0 7863 57 5856 213 355 1322 20 55 34 6300 7.00 0.12 -4.4% 8865   
16 261800009 17 7 1975 63 6289 4  7200 6.70   10651   
16 261800009 18 7 1975 66 6246 4  7100 6.80   10166   
16 261800009 18 7 1975 64 6192 3  7100 6.90   9708   
16 261800009 12 3 1976 8.5 15.0 2027 80 1336 85 111 102 263 7 28 43 2120 7.25 0.03 -4.7% 1871   
16 261800009 12 4 1980 8.5 15.0 8142 79 6063 1 4 171 350 1454 20 0.2 7000 7.70 0.12 -5.0% 7610   
16 261800010 5 3 1975 4.0 7978 63 5957 214 352 1325 17 46 38 6.99 0.12 -5.5% 9048   
16 261800010 5 3 1975 10.0 9469 64 7067 201 397 1680 24 18 36 6.99 0.14 -5.3% 10734   
16 261800010 5 3 1975 15.0 4452 64 7128 191 393 1680 24 13 34 7.12 0.14 -6.1% 10376   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
16 261800010 5 3 1975 20.0 9709 64 7311 200 410 1680 28 8 34 7.12 0.14 -6.7% 10643   
16 261800010 5 3 1975 24.0 9401 64 7067 183 393 1620 40 34 7.38 0.14 -7.0% 9550   
16 261800011 10 3 1975 11.8 22.5 2.5 6871 94 4950 105 84 291 1292 19 36 6150 7.79 0.10 -4.9% 6104   
16 261800011 10 3 1975 11.8 22.5 2.5 6808 93 4889 118 83 294 1276 19 36 6050 7.79 0.10 -4.8% 6029   
16 261800011 2 4 1980 4.7 6.2 760 42 21 445 4 28 68 22 103 5 14 15 870 7.80 0.01 -1.5% 548   
16 261800012 12 3 1975 6.0 9.5 2.3 7143 71 156 5121 6 11 356 1371 23 15 28 6350 8.33 0.10 -3.7% NA   
16 261800012 14 3 1975 5.8 9.5 2949 244 3965 22  5000 7.41 0.04 5317   
16 261800012 14 3 1975 5.8 2949 244 3965 22  7.40 5331   
16 261800012 18 3 1975 4.5 3805 86 5588  6.99 8488   
16 261800012 18 3 1975 9.0 3925 76 5926  7.04 8851   
16 261800012 18 3 1975 13.0 4069 67 6030  7.10 8833   
16 261800012 18 3 1975 18.0 9473 66 7027 4 213 482 1618 24 56 39 7.09 0.14 -3.2% 10327   
16 261800012 18 3 1975 18.0 19.0 4593 66 7027  7620 7.09 0.06 10327   
16 261800012 1 5 1975 6.0 19.5 4.3 5890 68 5810 12  6000 6.82 0.05 9384   
16 261800012 2 5 1975 6.0 9.5 7704 74 5730 3 192 338 1312 19 3 36 6200 6.85 0.11 -5.7% 9150   
16 261800012 2 5 1975 19.0 70 5734 5  6100 6.85   9157   
16 261800013 16 3 1975 7.0 10.0 4.8 4186 254 2821 29 53 212 766 13 38 4220 7.61 0.06 -4.6% 3609   
16 261800013 16 3 1975 7.0 10.0 2.8 3907 254 69 2544 29 3 212 764 13 81 19 4020 8.42 0.06 -1.4% NA   
16 261800013 10 6 1975 56 1458 39  6.10   3300   
16 261800013 11 6 1975 170 3630 33  6.40   7028   
16 261800013 18 6 1975 4864 188 3436 19 142 232 791 11 8 40 7.02 0.07 -5.9% 5166   
16 261800013 19 6 1975 154 3694  7.08 5446   
16 261800013 20 6 1975 5063 143 3654 1 11 149 238 831 12 25 25 6.85 0.08 -5.0% 5835   
16 261800014 20 3 1975 7.0 12.0 4.0 7057 60 5243 29 16 352 1307 19 22 31 6200 7.99 0.10 -4.5% NA   
16 261800015 2 4 1975 9.6 10.1 8.8 7114 72 5316 7 11 350 1310 20 28 28 6250 8.15 0.10 -5.1% NA   
16 261800016 4 4 1975 11.0 8.8 1385 57 962 14 54 66 209 4 113 19 1520 7.58 0.02 4.5% 1239   
16 261800016 5 6 1975 77 2373  6.20 5086   
16 261800016 5 6 1975 73 2410 5  6.20 5166   
16 261800016 6 6 1975 3392 78 2471 132 169 493 9 7 40 6.30 0.05 -5.8% 5028   
16 261800017 6 4 1975 14.4 16.5 11.9 3205 79 2283 50 128 160 465 9 31 3160 7.79 0.05 -6.2% 2815   
16 261800017 2 4 1980 14.4 16.0 1772 56 1251 11 70 84 262 4 53 34 1810 6.80 0.03 -2.0% 2036   
16 261800018 8 4 1975 10.5 13.2 4.3 1990 135 1323 17 88 102 291 6 91 28 2220 7.75 0.03 0.0% 1644   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
16 261800018 18 4 1975 24.0 106 2053  6.19 4424   
16 261800018 18 4 1975 24.0 112 2166  6.25 4522   
16 261800018 19 4 1975 24.0 107 2044  NA   
16 261800018 19 4 1975 24.0 2935 107 3350 20 142 141 412 7 4 34 6.26 0.06 -27.8% 6958   
16 261800018 22 4 1975 110 2050 18  2870 6.25   4280   
16 261800018 22 4 1975 111 3349 18  4180 6.30   6814   
16 261800018 22 4 1975 111 3349 18  6.30 6814   
16 261800018 22 4 1975 110 2050 18  6.25 4280   
16 261800018 23 4 1975 1674 109 2068 19  2870 6.15 0.02 4554   
16 261800018 23 4 1975 10.5 13.2 3052 108 2153 21 148 145 430 7 4 40 2970 6.25 0.05 -6.2% 4495   
16 261800018 23 4 1975 1674 109 2068 19  NA   
16 261800019 14 4 1975 10.0 14.0 6.8 2090 83 1469 10 101 105 291 5 103 26 2210 7.53 0.03 0.5% 1913   
16 261800019 6 8 1975 10.0 14.0 2866 85 2037 13 141 146 398 6 13 40 2758 6.34 0.05 -4.5% 4062   
16 261800019 7 8 1975 10.0 14.0 3051 119 2135 16 141 149 445 6 8 40 2940 6.71 0.05 -5.0% 3601   
16 261800019 2 4 1980 10.0 14.0 1142 70 734 11 14 57 55 151 3 86 30 1250 6.30 0.02 2.7% 1493   
16 261800020 2 5 1975 6.8 10.3 1.8 6343 71 330 4313 8 7 332 1239 20 54 23 5800 8.71 0.09 -2.4% NA   
16 261800021 18 4 1975 33.0 34.0 15.6 6244 175 99 4377 29 70 307 1149 17 21 5800 8.20 0.09 -4.7% NA   
16 261800022 26 4 1975 34.5 36.0 18.8 4324 300 2791 113 69 212 793 20 26 4430 7.85 0.07 -4.8% NA   
16 261800023 22 4 1975 34.6 37.0 19.8 3823 222 192 2156 219 3 196 803 16 16 4110 8.59 0.06 -2.8% NA   
16 261800023 21 5 1975 4474 229 3050 57 210 197 684 10 37 6.40 0.07 -100.0% 5905   
16 261800023 22 5 1975 27.0 4314 23 2928 55 200 197 650 11 9 37 6.40 0.07 -0.6% 5669   
16 261800023 22 5 1975 243 2989 59  6.40 5787   
16 261800023 22 5 1975 245 2959 55  6.40 5729   
16 261800023 2 4 1980 34.6 37.0 3487 270 30 2231 53 119 183 559 7 9 35 3910 6.80 0.06 -5.5% 3631   
16 261800024 4 5 1975 28.5 30.0 20.8 3142 320 1918 80 132 169 475 10 38 3460 7.69 0.05 -6.3% 2412   
16 261800024 29 5 1975 4115 300 2696 58 253 192 570 9 26 37 6.20 0.07 -5.9% 5779   
16 261800024 3 6 1975 31 2637 61  6.30 5365   
16 261800024 3 6 1975 306 2715 56  6.25 5668   
16 261800024 3 6 1975 4038 303 2635 60 248 191 551 9 33 0.07 NA   
16 261800024 2 4 1980 28.5 30.0 3804 276 188 2266 27 144 203 655 9 11 36 4150 7.45 0.06 -2.6% 3008   
16 Lithia Rodoni's Bore No. 1 1 1 1999 18.0 25.0 11.7 1300 310 866 1.2 48 39 100 220 25 11 2200 6.10 1960   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
17 Dry Diggings (MS 17-18) 19 1 1978 3229 184 2201 38 134 161 500 7 21 4 3270 7.47 0.05 -4.3% 2908 Laing, C. MS17A by reeds Ck 
17 Dry Diggings (MS 17-18) 19 1 1978 3363 111 2377 17 226 157 421 7 88 3250 7.30 0.05 -2.4% 3282 Laing, C. MS17 Dry Diggings 
18 Dry Diggings (MS 17-18) 19 1 1978 3272 218 2155 63 141 165 522 8 120 3340 7.70 0.05 0.2% 2705 Laing, C. MS18 0.5 L/min 
 
19 Glenlyon - Veletti 
(MS 19) 
267808004 23 1 1978 2671 27 1987 110 163 327 12 45 2650 8.07 0.04 -6.0% NA Laing, C. MS19 gassy-dirty 
 
20 Woolnough's Crossing - 
Boltons Source  
267810011 
11 11 1987 1853 94 1300 6 150 110 190 3 12 50 2200 6.50 0.03 -4.7% 2401 RB Boltons bore 
20 Woolnough's Crossing - 
Kangaroo Creek - (MS 20-23) 
23 1 1978 2518 93 1801 13 129 179 257 8 51 2780 7.81 0.04 -6.9% NA Laing, C. MS 20 gassy, T=14.1 C 
20 Woolnough's Crossing - 
Kangaroo Creek - (MS 20-23) 
4 4 1990 2166 210 1460 13 160 130 190 3 17 57 2600 6.40 0.04 -11.9% 2827 RB Woolnough's Crossing 
20 Woolnough's Crossing - 
Kangaroo Creek - (MS 20-23) 
5 12 2002 2200 200 1500 0.177 7 160 140 220 4.5 15 48 2600 6.10 0.04 -8.3% 3396 WaterEcosci
ence 
 Temp 12.6 deg C 
 
24 Glenlyon Recreation Reserve 
(MS 24) - rotunda hand pump 
267808006 
8 5 1913 5906 131 4408 5 405 403 461 10 11 72 0.10 -10.8% NA Watson MS 24 
24 267808006 28 6 1976 4036 40 2995 243 236 436 14 2 72 3635 7.01 0.07 -6.9% 4518  MS 24 Glenlyon- 
24 267808006 9 10 1980 2118 71 148 1328 1 4 3 166 339 7 11 51 2130 8.80 0.03 -3.0% NA Laing, C. MS 24 hand pump bore 
24 267808006 21 5 1991 2637 52 2075 4 130 130 250 6 1.3 49 2700 6.50 0.04 -17.9% 3833 RB Glenlyon hand pump 
24 267810020 21 1 1978 0.3 3414 45 2557 4 102 223 463 17 20 3 3150 7.95 0.06 -3.8% NA Laing, C. MS 24 from pipe 
24 267810020 27 11 1980 2100 55 3 147 155 350 12 7.6 53 6.41 0.03 87.2% NA Laing, C. ibid PO4=3.8, Cu=0.18, Li=0.8 
24 267810020 6 11 1980 3180 52 2379 3 197 186 349 13 1 6.75 0.05 -6.2% 3948 Laing, C. Taurina bore @80m 
24 267810020 18 5 1984 57 2440 5 190 190 360 10 3.3 59 3200   NA RB Glenlyon MS 24 elec pump 
24 267810020 4 9 1989 27 130 83 170 3.4 17 48 NA RB  
24 267810020 21 5 1991 3514 52 2685 6 210 190 360 11 5.2 55 3400 6.30 0.06 -11.0% 5463 RB Glenlyon elec pump 
24 267810020 5 11 1980 1.0 1.5 2074 63 164 1304 9 2 2 174 329 12 15 2100 8.80 NA   
24 267810020 5 11 1980 79.0 80.0 2197 65 171 1360 14 2 188 338 11 48 2200 8.80 NA   
24 267810020 5 11 1980 23.0 25.0 2341 65 78 1589 4 4 189 339 12 61 2300 8.40 NA   
24 267810020 6 11 1980 79.9 81.1 3180 52 2379 3 197 186 349 13 1 3100 6.75 3948   
24 267810020 18 5 1984 2723 31 2440 2 90 75 82 5 4.9 58 3200 6.24 0.03 -53.2% 5121 RB Taurina Spa at MS 24 
24 267810020 5 12 2002 3400 50 2700 0.177 2 180 160 330 10 6.6 41 3400 6.30 0.05 -17.1% 5494 WaterEcosci
ence 
 Temp 17.8 deg C 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
24 Glenlyon Recreation Reserve 
(MS 24) - Mines DDH 260 m 
deep.  267800004 
16 12 1981 0.3 4054 40 3010 2 1 244 232 455 13 57 3700 7.60 0.07 -6.5% 3859  Glenlyon Jet Bore - 260 m deep 
diamond drill hole 
24 267800004 16 12 1981 0.3 2974 43 2210 1 79 189 391 17 43 3200 6.75 0.05 -6.5% 3668   
24 267800004 16 12 1981 0.3 4074 36 3048 2 252 242 439 12 38 43 3800 7.60 0.07 -5.4% 3907   
24 267800004 27 7 1982 4765 32 3569 1 3 252 276 547 19 61 4150 7.10 0.08 -7.3% 5228   
24 267800004 27 7 1982 5254 28 3976 1 4 265 301 605 21 49 4460 7.10 0.08 -8.2% 5824   
24 267800004 27 7 1982 5078 30 3832 1 5 258 290 586 21 54 4350 7.00 0.08 -8.0% 5801   
 
25 Hendersons in Boots Gully (MS 
25) 
5 4 1976 2720 168 1847 23 237 159 222 6 6.3 64 6.17 0.05 -9.0% 4023 S & K MS 25 Hendersons  
25 Hendersons in Boots Gully (MS 
25) 
18 1 1978 2729 169 1810 30 235 155 250 6 8 74 2740 7.13 0.05 -7.1% 2627 Laing, C. MS 25 Hendersons  
25 Hendersons in Boots Gully (MS 
25) 
4 4 1990 1836 160 1120 23 190 130 210 3 6.1 54 2800 6.30 0.04 4.2% 2279 RB Hendersons MS25  
25 Hendersons in Boots Gully (MS 
25) 
16 1 2003 2600 170 1900 14 200 130 220 5 6.3 46 2900 6.10 0.04 -15.7% 4301 WaterEcosci
ence 
 Temp 16.3 deg C 
 
26 Tucker Point  (MS 26) 18 1 1978 1948 358 962 73 128 146 197 5 20 79 2350 7.87 0.04 -7.1% NA Laing, C. MS 26 Tucker Point 
 
27 HMSR - 27 [1] 
Emergency Bore 
at western 
enterence to 
Reserve 
385715031 29 5 1991 84.0 1510 50 1074 25 88 79 190 4 5.7 41 1700 6.10 0.02 -6.0% 2431  Emergency bore (start) 
27 385715031 30 5 1991 42.0 84.0 1460 56 1025 29 82 80 180 3 5.1 39 1700 6.10 0.02 -6.3% 2320  Emergency bore (1440min) 
27 HMSR - 27 [2] Soda Spring HP 4 9 1974 1175 40 1220 30 99 88 225 7 1.6 66 1760 6.78 0.03 -5.3% 2001 PGM MS 27 at Baths 
27  26 2 1975 2311 42 1641 22 127 108 313 9 6 48 6.20 0.04 -4.5% 3517 Lew Soda Spring T=14 C 
27  17 11 1987 1643 40 1180 19 95 70 190 5 3.7 47 1800 6.20 0.03 -10.4% 2529 RB MS 27 Soda Spring  
27 HMSR - 27 [2] Soda Spring 
New Deepened Bore  
26 6 2002 1746 60 1200 27 120 80 190 6.3 3.4 58.56 1800 6.50 NA   
27  5 12 2002 1500 48 1100 28 86 67 180 5.3 5.3 38 1700 6.20 0.02 -10.8% 2358 WaterEcosci
ence 
 Temp 12.8 deg C 
27 HMSR - 27 [2] Bath House 
bores near 385700037 
8 6 1975 13.2 14.0 1.8 1736 58 33 1013 191 65 102 254 11 9 1900 8.17 0.03 -4.7% NA  bore near soda spring 
27 385700037 11 6 1975 14.1 4561 250 3142 28 138 216 762 11 35 33 6.40 0.07 -5.0% 6083   
27 385700037 12 5 1976 10.5 1809 56 1254 27 116 86 216 7 91 45 6.80 0.03 -0.3% 2041   
27 385700038 9 5 1975 22.6 23.0 0.7 1702 80 1035 142 156 90 161 7 31 1810 6.99 0.03 -6.2% 1572  " 
27 385700038 11 6 1975 24.0 1799 60 1238 36 108 83 218 9 54 52 6.10 0.03 -3.9% 2802   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
27 385700038 19 11 1975 22.6 23.0 1720 47 1171 34 99 76 226 7 9 60 1670 6.20 0.03 -5.3% 2510  " 
27 385700038 19 11 1975 1030 47 1287 30 105 63 244 7 9 60 6.00 0.03 -9.0% 3084  Lithium 0.62 mg/L 
27 385700038 25 11 1975 22.6 23.0 1920 47 1345 37  1124 6.00 0.01 3223  " 
27 385700038 25 11 1975 22.6 23.0 1966 47 1351 39 111 84 266 8 9 60 1900 6.10 0.03 -5.4% 3058  " 
27 385700038 26 11 1975 1.2 1.5 1147 47 1403 34  1960 6.10 0.01 3176  " 
27 385700038 26 11 1975 22.6 23.0 1994 47 1373 34 113 90 269 8 5 60 1920 6.10 0.03 -4.8% 3108  " 
27 385700038 13 5 1976 49 1333  6.52 2440   
27 385700038 13 5 1976 1816 48 1266 28 100 64 233 7 15 50 6.53 0.03 -9.1% 2307   
27 385700038 24 6 1976 6.2 13.0 3.0 1938 52 1287 63 140 102 184 6 16 93 1990 6.54 0.03 -7.5% 2334  " 
27 385700039 12 5 1976 971 69 5499 7 53 47 126 64 43 6.62 9630   
27 385700039 11 6 1976 24.0 1167 67 7021 66 67 56 157 7 0.04 44 6.20 0.07 -79.9% 15049   
27 385700039 24 6 1976 1.6 3.0 1.4 578 58 140 4 175 30 26 60 27 6 56 779 7.03 0.01 -10.1% 210  near bath house and the old toilet 
block 
27 385700039 12 6 1980 13.2 1.4 792 78 439 50 45 40 105 4 31 940 6.90 0.01 -6.2% 688  " 
27 385700039 28 5 1985 11.0 958 61 609 57 58 49 120 3 19 42 1200 6.70 0.02 -5.8% 1031 B Kingsbury after 1 hr pumping 
27 HMSR - 27 [3] Pavilion Spring 
[3 a] before 1913 
1 1 1855 2195 55 1355 21 271 106 313 16 56 (6.2) 0.04 12.9% NA Maund, Dr. GSV PR 8,p19., [H of 6.2 based 
on Fe content and usual Eh of 
100 mv, computed A Shugg 
27  1 1 1887 2232 27 1500 136 163 91 278 9 3 32 0.04 -6.0% NA F. Dunn Hepburn tap 1 (F.Dunn) 
27  1 1 1887 2241 23 1575 43 160 69 299 9 14 64 0.03 -6.0% NA  Hepburn tap 2 (F.Dunn) 
27  1 1 1894 1566 30 943 28 195 62 223 20 65 0.03 12.5% NA W. Johnson GSV Prog Rep 8, 1894, p19. 
27  1 1 1894 1299 26 555 312 114 21 155 48 68 0.02 -7.9% NA W. Johnson GSV Prog Rep 8, 1894, p19. 
27  1 1 1909 1455 44 951 28 121 37 141 13 63 0.02 -12.0% NA Johnson/Ske
ats 
Pavilion 
27  1 1 1909 2215 44 1590 28 195 61 224 19 54 0.03 -11.8% NA W. Johnson Hepburn pipe in book, also 
published in Spring pamflet circa 
1909 
27  25 7 1913 1705 66 1068 3 93 79 190 15 56 0.02 -5.1% NA Bayley/Whitel
aw 
Hepburn pipe 
27 HMSR - 27 [3] Pavilion Spring 
[3 b] after 1913 
1 1 1920 2340 57 1596 46 246 51 223 14 14.4 65 0.04 -10.2% NA P.Rankin 
Scott 
Hepburn PD 
27  17 11 1929 2414 70 1169 102 174 111 77 29 29 0.03 -8.0% NA Watson/Bara
gwanath 
Hepburn 
27  21 5 1931 2428 71 1934 103 80 47 155 29 0.03 -43.7% NA Watson/Bara
gwanath 
Hepburn 
27  14 2 1938 2693 56 1835 102 200 140 270 26 8 0.04 -6.0% NA J.Watson Bottle works  
27  14 3 1938 2693 56 1835 104 194 140 278 25 8 0.04 -5.9% NA J.Watson Pavilion pump 
27  15 6 1960 2106 44 1522 21 125 110  30 6.20 0.03 -35.4% 3262  Hepburn Spring 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
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27  8 1 1975 2334 54 1585 63 164 114 256 8 13.6 78 2210 6.28 0.04 -6.3% 3258 Szabo Bottling cellar 
27  26 2 1975 2178 49 1504 56 151 106 243 8 9.5 60 6.15 0.03 -6.5% 3312 Szabo Bottling cellar 
27  9 6 1976 4180 552 2480 29 255 188 656 10 5 30 4600 6.72 0.07 -5.5% 4166 Szabo Bottling cellar 
27  8 1 1986 920 59 341 42 150 96 230 4 17 77 1800 7.10 0.02 44.8% 500 Kingsbury Bottling cellar 
27  11 11 1986 2072 50 1585 38 120 75 200 4 2.8 73 2300 6.40 0.03 -20.8% 3069 RB Bottling Well 
27  19 12 1989 2056 69 1460 58 140 95 230 6 11 74 2200 6.70 0.03 -10.2% 2473 RB Pavilion (inside)  
27  13 2 2003 2500 69 1900 0.222 35 140 89 230 5.8 120 48 2600 6.20 0.04 -14.9% 4073 WaterEcosci
ence 
 Temp 24 deg C 
27 HMSR - 27 [3] Pavilion Spring 
Bottling Plant Well, bores: near 
385700040 
28 5 1975 4.8 5.0 3.2 1549 64 32 955 98 62 99 201 9 3 29 1670 8.14 0.02 -5.4% NA   
27 385700040 12 6 1980 7.0 7.3 3.3 1576 85 900 152 129 86 144 6 74 1700 7.00 0.03 -8.6% 1362   
27 385700047 27 6 1975 5.4 7.8 1690 78 1019 142 132 89 170 7 53 1820 7.59 0.03 -7.7% 1309   
27 385700048 24 6 1976 6.0 8.6 2.2 1921 52 1290 66 145 103 184 6 9 72 1950 6.53 0.03 -7.1% 2350   
27 385700048 2 8 1976 6.0 8.6 2573 58 1772 65 173 127 289 9 31 80 2500 6.48 0.04 -5.8% 3303   
27 385700048 12 6 1980 6.0 8.6 5.6 2710 57 1844 102 195 127 297 9 70 79 2625 7.25 0.04 -4.9% 2582   
27 HMSR - 27 [4] Locarno Spring  4 12 1929 2488 60 1657 109 193 129 223 17 33 85.09 NA F.F.Field/Wat
son 
 
27  14 3 1938 2377 51 1603 104 198 132 188 41 8 0.04 -6.3% NA J.Watson Locarno  
27  15 6 1960 2138 56 1478 73 168 124  45 6.40 0.03 -28.4% 2862  Locarno Spring 
27  8 8 1960 1600 42 1797  6.40 0.02 3479   
27  16 6 1961 2017 61 1396 61 155 115 195 5 28 8.00 0.03 -6.8% NA  Locarno Spring 
27  31 5 1972 1617 65 1062 61 46 111 197 7 3 68 1700 7.94 0.03 -7.0% NA   
27  29 8 1972 1493 60 991 51 1 112 210 8 14 60 1492 8.42 0.02 -5.4% NA   
27  25 10 1972 1614 62 1074 56 34 109 209 7 9.5 63 1690 8.03 0.03 -6.6% NA   
27  22 11 1972 1840 58 1251 55 82 113 211 7 17.5 63 2200 7.17 0.03 -6.4% 1793 PGM Locarno Spring 5.5gpm 
27  21 12 1972 1830 55 1244 57 82 112 210 7 16 63 0.03 -6.5% NA   
27  23 1 1973 1836 63 1251 44 87 113 208 7 18 63 2200 7.28 0.03 -6.0% 1737   
27  5 7 1974 2113 58 1456 50 169 111 184 6 14.5 77 6.02 0.03 -8.5% 3449 S & K Locarno 
27  8 1 1975 1989 56 1330 63 155 106 182 7 12.4 78 1910 6.11 0.03 -7.2% 2994 Szabo PO4 = 0.02, As = 0.01 
27  26 2 1975 2065 54 1405 58 156 106 190 7 14.1 78 6.15 0.03 -8.3% 3094 Lew As = 0.013, T = 14.7 C 
27  18 9 1975 52 1312 58  1900 6.10   2970 Paskevicius Locarno  
27  28 5 1976 1995 56 1351 65 153 106 185 7 14 70 2090 6.48 0.03 -7.6% 2519 Szabo Locarno  
27  18 6 1976 1768 54 1165 66 138 99 161 6 19 79 1735 6.30 0.03 -6.0% 2370 Szabo Locarno  
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
27  29 6 1976 1935 55 1308 65 149 105 178 6 12 69 2035 7.42 0.03 -7.5% 1750 Szabo Locarno  
27  21 7 1976 1966 55 1324 63 158 108 186 7 25 65 2040 6.70 0.03 -4.9% 2242   
27  11 6 1982 2039 52 1410 1 53 170 118 162 7 13 64 2100 6.20 0.03 -7.6% 3022 Malone, M. Locarno  
27  14 11 1986 2017 130 1450 44 140 82 170 4 9.8 77 2100 6.30 0.03 -20.7% 2950 RB Locarno  
27  17 11 1987 51 140 83 160 3.9 63.6 NA RB one part analysis from each of the 
Locarno nipples 
27  17 11 1987 52 140 86 170 3.9 64.8 NA RB one part analysis from each of the 
Locarno nipples 
27  17 11 1987 43 20 67 130 2.6 51.6 NA RB one part analysis from each of the 
Locarno nipples 
27  17 11 1987 1  52.8 NA RB one part analysis from each of the 
Locarno nipples 
27  17 11 1987 49 120 75 150 3.2 52.8 NA RB one part analysis from each of the 
Locarno nipples 
27  17 11 1987 1899 52 1340 52 140 87 160 4 3.7 70 2000 6.20 0.03 -14.3% 2872 RB Locarno  
27  19 12 1989 44 120 67 130 2.6 76.8 NA RB  
27  19 12 1989 2035 67 1460 55 150 98 190 5 10 78 2100 6.30 0.03 -12.7% 2971  Locarno  
27  1 5 1999 1400 100 780 65 180 99 180 5.4 14 60 1800 6.30 0.03 12.5% 1587 Water 
EcoScience 
Locarno after refurbishment 
27  5 12 2002 2200 56 1600 49 170 120 200 6.4 14 62 2300 6.10 0.04 -9.5% 3622 WaterEcosci
ence 
 Temp 12.6 deg C 
27 HMSR - 27 [4] 
Locarno Spring  
GSV bores near  
385700041 29 5 1975 6.6 8.8 4.0 1689 79 1029 142 137 91 164 7 40 1810 6.99 0.03 -7.6% 1563   
27 385700041 31 5 1975 6.6 8.8 2252 53 1552 57 173 116 214 7 13 80 2130 6.41 0.04 -7.8% 2991   
27 385700041 28 5 1976 6.6 8.8 2530 52 1766 46 183 127 272 8 18 76 2350 6.60 0.04 -6.0% 3120   
27 385700041 29 5 1976 6.6 8.8 2201 53 1504 61 164 113 219 7 13 80 2090 6.45 0.04 -7.2% 2843   
27 385700041 30 5 1976 6.6 8.8 2219 53 1522 59 173 116 212 8 13 76 2110 6.49 0.04 -7.0% 2824   
27 385700041 1 6 1976 6.6 8.8 2305 52 1586 57 172 116 228 8 13 86 2190 6.50 0.04 -7.6% 2929   
27 385700041 2 6 1976 6.6 8.8 2335 52 1598 58 186 125 222 8 12 86 2210 6.41 0.04 -6.3% 3079   
27 385700041 3 6 1976 6.6 8.8 2299 52 1580 58 185 123 220 8 11 73 2220 6.53 0.04 -6.1% 2879   
27 385700041 4 6 1976 2357 52 1626 55 184 124 231 7 11 78 6.50 0.04 -6.5% 3003   
27 385700041 29 6 1976 6.6 8.8 2270 54 1562 55 166 119 234 8 57 72 2290 6.53 0.04 -3.8% 2846   
27 385700042 25 11 1975 29.0 2171 56 1467 61 134 102 279 7 5 65 2120 6.05 0.03 -5.1% 3416   
27 385700042 5 12 1975 29.0 2388 53 1647 47 156 110 294 8 9 73 2260 6.30 0.04 -5.6% 3351   
27 385700042 5 12 1975 29.0 2322 53 1586 50 145 107 294 8 4 78 2220 6.10 0.04 -5.6% 3590   
27 385700042 12 6 1980 29.0 6.5 1810 58 1225 1 56 103 90 227 6 7 44 1850 7.00 0.03 -6.0% 1854   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
27 385700043 4 6 1975 10.0 13.2 5.3 1750 60 1219 92 83 227 6 59 1799 6.79 0.03 -6.5% 1992   
27 385700044 8 6 1975 8.2 10.0 5.3 1708 78 1041 146 137 90 170 7 38 1850 7.48 0.03 -7.6% 1372   
27 385700045 24 6 1976 6.2 13.0 3.0 1909 54 1281 62 142 102 187 6 17 75 1975 6.90 0.03 -6.4% 2008   
27 HMSR - 27 [4] 
Locarno Spring 
GSV bore north in 
Caravan Park 
385700058 5 8 1975 28.0 40.0 1462 92 912 65 81 68 205 10 29 1640 7.48 0.02 -5.1% 1202  WOMBAT 
27 385700058 3 10 1975 28.0 40.0 78 403 9  1370 6.30   820  WOMBAT 
27 385700058 13 5 1976 28.5 1674 110 1034 9 31 71 68 188 6 130 59 1492 6.65 0.02 -3.6% 1788   
27 385700058 13 5 1976 35.5 1501 91 1211 4 66 83 66 201 6 9 56 1338 6.60 0.03 -17.4% 2139   
27 385700058 2 2 1980 28.0 40.0 246 38 131 1 3 20 10 31 6 6 337 7.20 0.00 -2.9% 186  WOMBAT 
27 385700058 12 6 1980 28.0 40.0 19.6 212 32 114 1 3 16 8 28 5 5 295 7.10 0.00 -3.8% 167  WOMBAT 
27 HMSR - 27 [5] Sulphur Spring 
HP 
30 6 1971 1126  1923 6.63 NA D Stone pumptest 0 min 
27  30 6 1971 1114  1902 6.56 NA D Stone at 480 min  
27  5 4 1974 2476 45 1787 10 144 108 312 9 6.2 66 2370 6.16 0.04 -7.4% 3914 S & K Sulphur Sp pump 
27  8 1 1975 2370 44 1678 14 138 103 311 9 5.8 69 2300 6.27 0.04 -5.8% 3467 Szabo Sulphur Sp PO4 = 0.02, 
27  26 2 1975 2457 41 1769 139 106 326 10 5.3 65 6.40 0.04 -5.9% 3425 Lew Sulphur Sp T=15 C 
27  3 10 1975 40 671  1090 6.20   1438 Paskevicius Sulphur Sp  
27  9 4 1976 2607 43 1885 14 140 109 335 10 3 71 2360 7.92 0.04 -8.5% NA  Sulphur Sp 
27  11 6 1982 2507 38 1820 10 145 113 316 10 10 55 2450 6.20 0.04 -6.5% 3901  Sulphur Sp 
27  17 11 1987 2195 43 1700 12 120 83 280 6 3.8 60 2400 6.40 0.03 -13.1% 3292 RB Sulphur Spring  
27  17 11 1987 2244 43 1700 12 120 83 280 6 3.8 57 2400 6.40 0.03 -13.1% 3292 RB Sulphur Sp hp  
27  5 12 2002 1800 46 1200 0.044 9 120 83 290 7.3 12 45 1800 6.00 0.03 4.8% 2876 WaterEcosci
ence 
 Temp 14.2 deg C 
27 HMSR - 27 [5] 
Sulphur Spring 
MS GSV bores 
near  
385700049 30 6 1975 10.0 12.0 5.6 2033 95 1309 116 112 108 264 8 21 2199 7.98 0.03 -6.1% NA   
27 385700049 20 2 1976 10.5 12.0 1978 80 1296 96 104 101 263 7 31 2100 7.07 0.03 -6.1% 1917   
27 385700049 11 3 1976 10.5 12.0 2036 79 1366 62 109 102 266 7 53 45 2110 7.04 0.03 -3.1% 2040   
27 385700049 12 3 1976 10.5 12.0 2021 80 1327 89 110 102 263 7 17 43 2140 7.27 0.03 -5.4% 1847   
27 385700049 1 4 1976 10.5 12.0 2218 72 1507 7 47 113 103 267 7 69 55 2000 6.25 0.03 -5.4% 3146   
27 385700049 2 4 1976 10.5 12.0 2128 79 1409 1 79 119 103 267 7 11 55 2090 6.10 0.03 -6.8% 3190   
27 385700049 2 4 1976 10.5 12.0 2147 80 1424 2 77 119 104 272 7 12 53 2060 6.00 0.03 -6.6% 3413   
27 385700049 2 4 1976 10.5 12.0 2118 80 1403 1 77 118 103 267 7 14 53 2000 6.00 0.03 -6.5% 3362   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
27 385700050 2 7 1976 6.5 9.0 4.9 1794 85 67 1014 153 96 88 268 11 12 2040 8.30 0.03 -4.6% NA   
27 385700051 24 6 1976 9.5 13.3 3.3 1871 55 1260 65 137 102 181 6 23 65 1957 6.51 0.03 -6.3% 2317   
27 385700051 17 6 1980 9.5 3.4 2150 69 1514 2 133 92 273 9 58 2170 6.70 0.03 -7.0% 2564   
27 385700052 6 7 1975 8.0 13.0 3.6 1556 106 66 884 73 92 83 216 8 28 1800 8.35 0.03 -4.7% NA   
27 385700052 14 4 1976 852 64 4337 14 8 39 46 903 3 45 6.36 0.06 -25.6% 8563   
27 385700052 12 6 1980 8.0 9.0 5.7 547 62 325 1 10 26 34 67 3 19 685 7.20 0.01 -6.1% 462   
27 HMSR - 27 [5]  
Sulphur Spring 
bore to the south 
in Hepburn Park 
385700053 9 7 1975 23.0 30.0 1395 109 51 786 67 53 81 208 9 31 1650 8.41 0.02 -5.3% NA  WOMBAT 
27 385700053 3 5 1976 2252 132 1452 5 78 82 189 7 284 53 6.50 0.03 -4.5% 2682   
27 385700053 12 6 1980 23.0 30.0 22.8 1532 128 981 7 109 72 189 6 40 1700 6.70 0.03 -6.1% 1661  WOMBAT 
27 HMSR - 27 [6] Wyuna Spring 
HP 
15 6 1960 2145 59 1489 53 122 103  35 6.30 0.03 -38.4% 3030  Wyuna hand pump on bore 
27  15 6 1960 2152 64 1503 38 126 100 285 7 30 8.00 0.03 -5.7% NA  Wyuna hand pump on bore 
27  1 12 1964 2024 63 1338 54 154 126 195 7 15 69 6.10 0.03 -3.1% 3029 McL & M Wyuna bore 
27  29 6 1971 835  1412 6.42 NA D Stone hand pump @ end PT 
27  5 7 1974 2064 63 1408 44 127 98 260 7 7.1 60 6.04 0.03 -5.6% 3297 S & K Wyuna bore pump 
27  8 1 1975 2233 59 1525 49 130 100 289 8 6.7 69 2050 6.18 0.03 -6.2% 3304 Szabo hp PO4 = 0.1, As = 0.003 
27  25 2 1975 2220 58 1531 46 128 99 291 8 6.4 56 5.90 0.03 -6.1% 3894 Lew hp T=14.8 C 
27  18 9 1975 58 1525 44  2180 6.10   3452 Paskevicius hp  
27  9 4 1976 2194 59 1495 50 126 98 293 8 1 65 2190 7.45 0.03 -5.9% 1985  hp on bore 
27  11 6 1982 2179 61 1500 56 137 104 261 8 18 52 2200 6.15 0.03 -6.1% 3303  hp on bore 
27  17 11 1987 2077 64 1460 45 120 82 250 5 5.4 58 2200 6.20 0.03 -11.4% 3129 RB hp on bore (RB) 
27  28 6 2000 2001 63 1300 0.16 57 120 95 300 6.7 11 49 2300 6.30 0.03 0.4% 2645 Nolans Refurbished bore 
27  5 12 2002 2100 63 1500 42 110 85 270 6.2 6.9 45 2300 6.00 0.03 -10.5% 3595 WaterEcosci
ence 
 Temp 13.5 deg C 
 HMSR - 27 [6] Wyuna Spring 
HP new bore 2003 
11 12 2003 2594 57 1854 0.01 18 160 101 315 13 5.99 69.74 6.58 0.03 -10.5% 3595 ASL New bore about 1 m from the old 
bore, upper casing sealed to >10 
m 
27 HMSR - 27 [7] Wyuna Spring 
Eye "new eye"  
15 1 1913 1688 70 1099 60 93 76 222 14 10 56 0.03 -5.8% NA Bayly/Whitela
w 
New eye  
27  1 2 1914 1659 57 1127 61 92 76 222 10 53 0.03 -7.0% NA Bayly in 
Skeats 
New eye  
27  1 2 1914 1693 66 1062 80 93 77 226 29 53 0.03 -3.8% NA Bayly in 
Skeats 
New eye  
27 HMSR - 27 [7] 
Wyuna Spring 
385700054 28 4 1976 2740 42 1970 18 146 115 374 9 19 65 6.63 0.04 -5.9% 3435   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
bores near 
27 385700054 29 4 1976 2710 42 1946 23 154 116 358 9 7 62 6.70 0.04 -6.5% 3296   
27 385700054 29 4 1976 41 1943  6.70 3291   
27 385700054 30 4 1976 2724 42 1949 23 146 115 368 9 7 72 6.71 0.04 -6.7% 3287   
27 385700054 30 4 1976 42 1952  6.70 3306   
27 385700054 30 4 1976 2756 41 1976 23 156 117 365 9 6 69 6.75 0.04 -6.6% 3280   
27 385700054 8 4 1976 2788 41 1995 17 158 119 372 9 16 69 7.00 0.04 -5.6% 3020   
27 385700054 9 4 1976 2676 41 1909 20 151 115 364 9 7 67 6.95 0.04 -5.5% 2940   
27 385700054 12 6 1980 4.1 9.0 0.9 2820 40 2021 26 167 117 367 10 12 72 2700 7.00 0.04 -6.6% 3059   
27 385700055 7 7 1975 11.0 13.0 0.6 2229 47 1552 23 89 104 332 10 14 72 2190 7.45 0.03 -4.1% 2060   
27 385700055 14 4 1976 3014 45 2129 9 19 143 119 352 9 174 72 6.64 0.04 -4.4% 3697   
27 385700056 10 7 1975 10.0 13.0 1.4 1790 48 156 1031 23 16 101 335 11 27 69 1940 8.49 0.03 -0.9% NA   
27 385700056 8 4 1976 10.0 13.0 1.3 2780 41 1995 17 158 119 372 9 16 69 2660 7.00 0.04 -5.6% 3020   
27 385700056 9 4 1976 10.0 13.0 2676 41 1909 20 151 115 364 9 7 67 2600 6.95 0.04 -5.5% 2940   
27 385700056 14 4 1976 2465 48 1717 6 35 142 106 325 25 72 6.62 3007   
27 385700056 12 6 1980 10.0 13.0 1.3 2492 49 1771 24 142 106 329 9 62 2420 6.80 0.04 -6.9% 2882   
27 385700057 15 4 1976 2524 45 1766 6 45 107 325 0.001 20 65 6.69 3003   
        
28 HMSR - Frenchmans Reef Mine 1 2 1914 1496 136 784 170 47 146 134 29.5 0.03 -3.4% NA Bayly in 
Skeats 
published in Skeats (1914) 
         
31 HMSR - 31 Argyle Mineral 
Spring MS 31 
4 12 1929 2080 93 1363 73 91 116 268 7 20 24.13 0.03 -5.1% NA FF Field MS 31 
31  1 1 1964 2489 48 1739 26 141 144 317 8 47 6.30 0.04 -2.4% 3538  MS 31 
31  13 2 2003 2100 98 1500 0.089 50 82 94 240 1.8 11 40 2300 6.10 0.03 -16.5% 3396 WaterEcosci
ence 
 Temp 25.6 deg C 
 
35 Fairy Dell Spring MS 35 19 11 1980 2130 39 75 1460 11 62 130 320 8 25 2100 8.25 0.03 -3.7% NA  MS 35 Fairy Dell Spring 
 
36 Tipperary Spring MS 36 1 1 1920 2358 1622 103 134 221 14 0.03 -6.2% NA P. Rankin 
Scott 
in Delightful Daylesford 
36  4 12 1929 2766 36 1999 16 101 133 401 11 13 71.12 NA F.F.Field/Wat
son 
Tipperary floor  
36  4 12 1929 2456 36 1769 14 94 114 357 10 14 64.77 NA F.F.Field/Wat
son 
Tipperary wall east 
36  15 6 1961 2429 32 1780 10 84 122 362 11 34 7.60 0.04 -5.0% 2282 Thomas Tipperary Spring 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
36  5 7 1974 2331 33 1683 15 91 109 322 9 8.3 73 6.14 0.03 -7.2% 3726 S & K I eye/trench 
36  5 7 1974 2641 33 1895 14 102 123 363 10 7.9 74 6.16 0.04 -7.1% 4150 S & K II eye/trench 
36  18 1 1978 2385 32 1694 21 86 112 350 10 9 200 2240 7.80 0.04 -7.8% 2085 Laing, C. Tipperary Spring 
36  19 11 1980 2368 30 1679 16 90 113 348 10 4 81 2250 7.60 0.04 -4.8% 2152  Tipperary Spring 
36  11 6 1982 2760 29 2000 1 19 106 132 414 11 8 48 2650 6.30 0.04 -4.3% 4069  Tipperary Spring 
36  1 8 1988 2033 27 1580 16 70 81 280 6 5.5 61 6.60 0.03 -13.8% 2791 RB Tipperary 
36  8 12 1988 2152 28 1710 16 67 71 260 6 6.3 55 2300 6.60 0.03 -21.3% 3021  Tipperary 
36  19 12 1989 17 91 110 340 8.9 8 2500 NA   
36  16 1 2003 2700 31 2100 14 93 110 370 9.3 7.6 52 2800 6.20 0.04 -13.1% 4501 WaterEcosci
ence 
 Temp 15 deg C 
36 Tipperary Spring MS 36, New 
Bore 50 m deep 
26 6 2002 2564 45 1920 23 140 120 240 7.5 41 26.84 2500 6.40 NA   
36  16 1 2003 2800 44 2100 22 120 99 370 7.7 12 36 2900 6.10 0.04 -12.9% 4754 WaterEcosci
ence 
 Temp 15.5 deg C 
 
37 Brandy Hot MS 37 17 1 1978 496 87 241 8 10 27 32 62 2 26 7.69 0.01 -5.4% 303 Laing, C. Iron stained pools 
 
38 Deep Spring - Crystal MS 38 1 1 1910 1502 35 1038 4 104 103 93 17 106 0.02 -8.9% NA Furguson Li = 7.5 
38  18 3 1920 1438 54 993 3 106 88 96 8 12 124 0.02 -11.3% NA G Ampt in Delightful Daylesford 
38  4 12 1929 1462 36 1030 3 104 94 103 10 9 92.71 NA F.F. Field  
38  15 6 1961 1241 25 912 99 75 100 5 30 8.00 0.02 -6.8% NA Thomas Crystal Spring 
38  1 12 1964 1258 30 858 14 85 96 88 6 9 69 6.00 0.02 -4.5% 2056 McL & M Deep Spring  
38  5 7 1974 1229 33 851 3 93 78 79 5 6.4 99 5.88 0.02 -9.7% 2191 S & K Deep Creek eye 
38  23 8 1989 956 32 710 3 73 63 71 4 6.4 86 1100 6.10 0.02 -10.4% 1607 RB Deep Spring MS 38 
38  16 1 2003 1000 35 760 3 74 68 76 5.1 5 78 1100 5.80 0.02 -10.7% 2056 WaterEcosci
ence 
 Temp 18.6 deg C 
        
40 Leggatt’s Spring - Bore 1 1 2000 34 36 0.3 651 29 420 3 5 41 36 71 3 43 800 0.01 6.6% 1295 Leggatt’s bore drilled under Nolan 
ITU 
 Leggatt's Spring - BCL8010325 20 7 2004 64 78 +1.25 2462 37 1830 38 216 94 220 24 3 2540 0.039 -11.2% 3460 ALS SKM supervised to 78 m (drilled 
2004) 
41 CMSR - Sutton Spring MS 41  - 
5" bore  
27 11 1929 1943 40 1363 128 79 221 7 36 87.63 NA F.F.Field/Wat
son 
 
41 CMSR - Sutton Spring MS 41 - 
Trench 
17 11 1929 1222 60 827 11 80 62 131 4 11 46 0.02 -6.9% NA Watson/Bara
gwanath 
Sutton eye 
41  3 12 1929 1428 60 963 16 81 66 179 10 13 50.8 0.02 -5.4% NA F.F.Field/Wat
son 
Delightful Daylesford 
41  6 4 1959 2475 53 1800 6 137 115  24 6.30 0.03 -39.5% 3662 Thomas Sutton spring 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
41  9 8 1960 944  6.00 NA Lawrence/Ke
nnedy 
Spring sample P5, spring water 
see also Lawrence 1969 
41  1 12 1964 1137 43 726 13 68 62 150 4 15 53 6.00 0.02 1.4% 1740 McL & M Sutton Spring  
41  5 7 1974 1354 68 956 10 89 65 160 6 10.5 56 6.00 0.02 -7.8% 2291 S & K Sutton eye trench  
41  9 1 1975 2585 62 1830 148 113 333 10 6.2 83 2350 6.14 0.04 -6.7% 4052  Sutton PO4 = 0.04, As = 0.002 
41  26 2 1975 2570 60 1830 147 110 332 10 5.5 76 6.00 0.04 -7.0% 4386 Szabo Sutton Sp. T=13.8 C 
41  25 3 1976 1781 64 1223 2 3 109 82 225 8 22 65 1860 7.20 0.03 -4.2% 1737 Szabo Sutton pit, Li = 0.5 
41  23 4 1976 903 262 220 3 130 28 74 133 3 18 45 1326 6.32 0.02 -4.9% 443 Szabo Sutton, B = 0.02, 
41  4 5 1976 1970 194 1183 47 103 101 269 7 60 65 2150 6.65 0.03 -3.4% 2046 Szabo H2S=0.003 B=0.12 
41  13 5 1976 1059 224 448 9 44 33 68 141 3 50 59 1360 6.37 0.02 -4.7% 880 Szabo H2S=0.004 B=0.03 
41  13 5 1976 1027 268 281 7 58 32 74 150 4 130 40 1438 6.47 0.02 10.7% 526 Szabo H2S=0.004 B=0.05 
41  11 6 1982 1991 38 1420 1 5 113 77 279 9 8 49 2000 6.15 0.03 -5.1% 3127  Sutton Spring 
41  17 11 1987 2086 55 1700 8 120 79 260 6 4.1 69 2400 6.20 0.03 -16.1% 3644 RB Sutton Spring 
41  7 9 2000 1080 55 690 0.089 9 80 60 160 5.6 0.06 50.48 6.10 0.02 4.0% 1562 Amdel E16844 
41  11 12 2002 1600 60 1200 0.044 7 97 73 200 6.5 12 48 1800 6.10 0.03 -9.1% 2716 WaterEcosci
ence 
 Temp 16.2 deg C 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 1 Nth 
 17 11 1929 2635 48 1935 137 131 333 19 6 33 0.04 -6.2% NA Watson/Bara
gwanath 
Sutton bore 1 
41  27 11 1929 2723 48 1954 147 119 351 23 17 81.28 NA F.F.Field/Wat
son 
 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 1 
385700011 9 8 1960 1560 59 1733  6.80 0.02 2821 Lawrence/Ke
nnedy 
Sutton No. 1 bore, trace of H2S, 
during pumping test 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 1 Nth 
 5 7 1974 2136 61 1536 9 125 125 280 9 6.1 77 6.10 0.04 -3.2% 3477 S & K Sutton pump on bore 
41  11 12 2002 2600 45 2000 2 120 87 310 8.3 4.8 54 2700 6.20 0.04 -16.9% 4287 WaterEcosci
ence 
 Temp 16.5 deg C 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 2 Sth 
 17 11 1929 2348 44 1692 147 95 293 19 10 61 0.04 -6.6% NA Watson/Bara
gwanath 
Sutton bore 2 
41  17 11 1929 1852 47 1340 97 77 269 9 27 0.03 -5.2% NA Watson/Bara
gwanath 
Sutton bore 2 
41  27 11 1929 2750 51 1980 153 123 348 25 13 72.39 NA F.F.Field/Wat
son 
 
41  9 8 1960 2302 48 1669 16 124 100 336 6.30 0.04 -4.6% 3396  Sutton No.2, during a pumptest 
41  11 12 2002 2400 53 1800 1.329 5 120 87 300 8 5.9 54 2500 6.20 0.04 -13.3% 3858 WaterEcosci
ence 
 Temp 17.1 deg C 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 3 
 17 11 1929 2318 40 1687 146 95 294 19 3 52 0.04 -6.5% NA Watson/Bara
gwanath 
Sutton bore 3 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
41  17 11 1929 2572 53 1914 143 111 294 19 48 0.04 -11.3% NA Watson/Bara
gwanath 
Sutton bore 3 
41  27 11 1929 2635 50 1886 148 113 338 13 20 85.09 NA F.F.Field/Wat
son 
 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 4  
 3 12 1929 2740 71 1929 9 152 120 359 14 20 83.82 NA F.F.Field/Wat
son 
 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 5  
 3 12 1929 2519 68 1777 156 114 297 14 26 85.09 NA F.F.Field/Wat
son 
 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 7 
 17 11 1929 2259 67 1597 3 118 116 281 10 83 0.04 -7.1% NA Watson/Bara
gwanath 
Sutton bore 7 
41 CMSR - Sutton 
Spring MS 41 - 
Bore 8 
 17 11 1929 1819 68 1241 34 104 112 172 8 56 0.03 -8.9% NA Watson/Bara
gwanath 
Sutton bore 8 
 
41 CMSR - Table Hill 
GSV bores  
385700059 10 4 1976 51.0 63.0 34.0 2222 148 1449 13 4 125 100 290 9 44 65 2390 6.65 0.03 -5.2% 2505   
41 385700059 23 4 1976 40.0 903 262 220 3 130 21 74 133 3 15 45 6.32 0.02 -6.4% 443   
41 385700060 4 5 1976 70.0 1970 197 1183 47 113 101 269 7 10 65 6.65 0.03 -5.7% 2046   
41 385700060 18 5 1976 51.0 68.0 34.0 1941 155 1228 24 83 96 289 4 21 62 2140 8.05 0.03 -4.8% NA   
41 385700060 8 7 1976 51.0 68.0 1484 219 766 61 75 89 200 5 29 69 1790 6.14 0.03 -4.3% 1696   
41 385700060 8 7 1976 51.0 68.0 1871 173 1119 48 105 97 245 8 14 76 2045 6.30 0.03 -5.8% 2277   
41 385700060 16 7 1976 51.0 68.0 1812 180 1080 42 95 98 245 7 17 65 1970 6.35 0.03 -5.0% 2143   
41 385700060 17 7 1976 51.0 68.0 2048 146 1305 34 116 104 273 8 16 62 2205 6.67 0.03 -4.8% 2238   
41 385700060 18 7 1976 51.0 68.0 2231 132 1470 22 130 108 289 8 6 72 2340 6.95 0.04 -6.3% 2264   
41 385700060 19 7 1976 51.0 68.0 2285 114 1543 14 130 108 296 8 17 72 2310 6.46 0.04 -6.0% 2903   
41 385700060 20 7 1976 51.0 68.0 2271 110 1543 10 131 107 290 8 15 72 2305 6.65 0.04 -6.3% 2668   
41 385700060 21 7 1976 51.0 68.0 2304 106 1565 12 126 106 302 8 6 79 2350 6.91 0.04 -7.0% 2445   
41 385700060 22 7 1976 51.0 68.0 2256 104 1549 9 130 105 295 8 8 56 2340 6.83 0.04 -6.2% 2492   
41 385700060 23 7 1976 51.0 68.0 2261 101 1540 13 127 105 295 8 5 72 2355 6.90 0.04 -6.6% 2414   
41 385700060 24 7 1976 51.0 68.0 2235 98 1528 12 128 103 289 8 5 69 2340 6.59 0.04 -6.7% 2711   
41 385700060 25 7 1976 51.0 68.0 2247 98 1534 10 127 104 290 8 5 76 2370 7.02 0.04 -6.8% 2307   
41 385700060 26 7 1976 51.0 68.0 2207 96 1507 13 125 102 284 8 5 72 2310 6.79 0.03 -6.9% 2462   
41 385700060 27 7 1976 51.0 68.0 2229 96 1525 6 124 102 292 8 5 76 2308 7.50 0.03 -6.7% 2000   
41 385700060 28 7 1980 1443 203 810 44 82 83 200 6 27 13 1850 6.40 0.03 -3.0% 1568   
41 385700060 28 7 1980 1892 160 1199 2 49 105 99 256 7 100 14 2150 6.60 0.03 0.1% 2118   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
41 385700060 28 7 1980 1483 198 852 44 80 86 205 6 27 11 1750 6.30 0.03 -3.4% 1734   
41 385700060 28 7 1980 1453 203 816 43 78 85 204 10 30 13 1770 6.20 0.03 -2.3% 1749   
41 385700061 13 5 1976 40.0 1027 268 381 7 58 32 74 150 4 130 40 6.47 0.02 5.1% 714   
41 385700061 13 5 1976 55.0 1059 224 448 9 44 33 68 141 3 50 59 6.37 0.02 -4.7% 880   
41 385700061 5 6 1976 54.0 76.0 35.0 1731 68 1188 30 126 93 174 4 33 48 1840 7.33 0.03 -5.2% 1627   
41 385700062 22 6 1976 41.0 52.0 30.0 1715 66 1183 28 125 91 175 4 26 43 1825 7.25 0.03 -5.5% 1656   
41 CMSR - Wagga 
Spring in car park 
to the north  
385700034 17 12 1974 15.2 16.0 10.4 267 41 31  406 6.30 0.00 63  WOMBAT 
41 385700034 17 12 1974 15.2 16.0 10.4 243 38 34 80 7 18 29 11 26 386 6.29 0.00 -5.1% 70  WOMBAT 
41 385700035 17 12 1974 15.3 16.0 10.3 279 34 120 26 16 19 26 3 34 352 7.70 0.00 -6.5% 151  WOMBAT 
41 385700035 19 3 1975 25.1 190 25 100  6.20 214   
41 385700035 19 3 1975 35.0 424 61 196 30 29 29 311 1 8.4 41 6.11 0.01 48.0% 441   
41 385700035 3 10 1975 13.0 15.3 17.0 19 64 7  680 5.70   185  WOMBAT 
41 385700035 3 10 1975 17.0 19 64 7  1.71 6586   
41 CMSR - Wagga 
MS 99  
 27 11 1929 1954 34 1401 11 136 99 188 19 26 50.8 0.03 -6.1% NA F.F.Field/Wat
son 
Wagga eye 
41  6 4 1959 2020 37 1487 7 151 108  9.7 21 6.30 0.03 -29.4% 3026  Wagga spring 
41  9 8 1960 55 1370 10 122 109  6.30   2787 Lawrence/Ke
nnedy 
Wagga GR190918  
41  9 8 1960 944  6.00 NA Lawrence Wagga GR192917 
41  1 9 1960 1877 55 1370 10 122 109 211 6.30 0.03 -5.4% 2787  MS 99 
41  1 9 1960 1954 34 1401 11 136 99 188 0.03 -7.8% NA  MS 99 
41  28 6 1972 1294 30 121 785 7 2 102 205 4 14 38 1420 8.87 0.02 -2.7% NA  Wagga spring 
41  26 7 1972 1352 30 60 909 4 21 94 193 5 6 36 1403 7.78 0.02 -4.9% 1123  Wagga spring 
41  29 8 1972 1279 30 78 826 7 3 98 196 4 7 37 1390 8.58 0.02 -3.7% NA  Wagga spring 
41  26 9 1972 1776 30 1300 7 101 98 197 4 12 39 1790 7.58 0.03 -6.4% 1674  Wagga spring 
41  25 10 1972 1192 30 168 655 7 1 101 198 4 24 28 1375 9.08 0.02 -0.3% NA  Wagga spring 
41  31 5 1973 1513 32 1095 7 30 100 205 4 15 40 1550 8.01 0.02 -4.6% NA  Wagga spring 
41  5 7 1974 2032 34 1514 6 163 102 192 5 16.3 49 6.07 0.03 -7.7% 3486 S & K Wagga eye  
41  9 1 1975 1888 31 1373 143 94 179 5 18.7 45 1780 6.19 0.03 -6.7% 2959 Szabo Wagga Sp. PO4 = 0.02 
41  26 2 1975 2003 31 1470 151 98 196 5 11.4 41 6.00 0.03 -7.4% 3523 Szabo Wagga Sp, T 14.2 C 
41  3 10 1975 14 628  950 6.20   1346 Paskevicius Wagga Sp,  
41  17 11 1987 1735 31 1340 8 120 74 160 2 10 43 1800 6.20 0.03 -14.7% 2872 RB Wagga 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
41  7 9 2000 1509 40 1219 0.044 8 150 92 190 4.2 7.19 49 6.20 0.03 -1.6% 2613 Amdel E16843 
41  11 12 2002 2200 38 1700 0.044 8 140 90 200 3.6 15 35 2300 6.10 0.03 -16.4% 3848 WaterEcosci
ence 
 Temp 15.8 deg C 
 
42 CMSR - Hard Hills 
Bore No. 1 - hand 
pump Nth 
385700014 17 11 1929 2442 60 1708 30 173 123 231 21 40 67.2 0.04 -6.7% NA Watson/Bara
gwanath 
Central - hand pump 
42 385700014 6 4 1959 983 46 676 12 68 54  9 19 6.20 0.01 -28.6% 1449  WOMBAT 
42 385700014 9 8 1960 40 690 21 74 52 113 6.10   1562 Lawrence/Ke
nnedy 
No.1 GR193915 , sample P9 see 
Lawrence 1969 
42 385700014 23 11 1972 2149 60 1540 15 158 112 218 6 8 40 2026 7.30 0.04 -7.1% 2126  WOMBAT 
42 385700014 28 11 1972 897 35 1098 113 79  1522 7.20 0.02 -29.4% 1560  WOMBAT 
42 385700014 5 7 1974 1077 45 730 80 54 101 3 12.5 48 5.82 0.02 -6.4% 1951 S & K Central Spring bore 
42 385700014 4 9 1974 1065 41 705 18 78 59 104 3 10.3 57 1138 6.32 0.02 -4.9% 1420 PGM by old Kiosk; now removed!  
42 385700014 9 1 1975 1075 40 732 11 72 54 102 4 11.9 48 1060 5.83 0.02 -8.0% 1944 Szabo PO4=0.04 As=0.01 
42 385700014 26 2 1975 1094 44 732 17 76 55 109 4 12 45 5.80 0.02 -6.5% 1981 Lew pump A T=16  C 
42 385700014 26 2 1975 1040 40 702 2 10 72 53 106 3 11 47 5.75 0.02 -5.9% 1961 Lew pump B T=17.1 C 
42 385700014 11 12 2002 950 51 670 0.044 18 61 47 98 2.4 12 36 1100 5.90 0.02 -10.5% 1704 WaterEcosci
ence 
 Temp 17.6 deg C 
42 CMSR - Hard Hills 
Bore No. 2 - hand 
pump 
385700017 9 8 1960 658  6.10 NA Lawrence/Ke
nnedy 
see lawrence 1969, sample P10, 
one of bores on paved area 
42 385700017 9 1 1975 1103 50 732 22 74 55 109 4 12.1 45 1140 5.95 0.02 -7.8% 1807 Szabo PO4=0.31  
42 CMSR - Hard Hills 
in car park north 
area 
385700033 11 9 1974 20.0 21.0 20.0 902 335 125  1530 7.82 0.01 NA  WOMBAT 
42 385700033 11 9 1974 20.0 21.0 873 333 128 4 127 15 75 159 13 11 19 1490 8.03 0.02 -2.9% NA  WOMBAT 
42 385700033 18 9 1974 30.0 34.0 20.8 783 292 106 132 37 78 101 2 35 1340 7.83 0.02 -6.0% NA  WOMBAT 
42 385700033 18 9 1974 30.0 34.0 20.0 790 291 110  1332 7.43 0.01 147  WOMBAT 
42 385700033 26 9 1974 55.0 57.0 20.8 719 293 61 124 26 74 102 2 20 37 1368 8.04 0.01 -2.9% NA  WOMBAT 
42 385700033 26 9 1974 55.0 57.0 20.8 735 296 63 131 27 74 103 1 26 40 1292 7.09 0.02 -3.1% 93  WOMBAT 
42 385700032 18 2 1975 35.0 720 281 76 106 16 68 100 1 29 48 1160 6.22 0.01 -4.5% 161  WOMBAT 
42 385700032 18 2 1975 21.0 737 284 92 96 14 67 105 2 37 41 1175 6.30 0.01 -3.3% 187  WOMBAT 
42 385700032 18 2 1975 26.0 718 280 110  6.30 0.00 224   
42 385700033 19 3 1975 10.7 321 61 196  502 6.60 0.00 346  WOMBAT 
42 385700033 3 10 1975 20.0 21.0 25.8 143 73 45  660 5.50   241  WOMBAT 
42 CMSR - Hard Hills 385700028 12 6 1980 7.6 7.9 0.8 258 52 106 3 22 12 15 40 2 6 386 6.85 0.00 -4.2% 169   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
near band stand 
42 CMSR - Hard Hills 
near spring eye 
385700029 5 12 1972 9.5 10.4 1.5 1069 60 1281 137 99  1824 7.30 0.03 -28.4% 1769 L. Coughlan bottom bailed L. Coughlan 
42 385700030 6 12 1972 7.0 7.3 1.6 1579 79 1030 67 109 89 164 8 33 1725 6.78 0.03 -7.1% 1689   
42 385700030 7 12 1972 10.1 10.4 1.1 2144 58 1441 98 153 110 219 23 42 2234 6.96 0.03 -7.5% 2212   
42 385700031 8 12 1972 6.4 6.7 2278 52 1636 26 166 115 234 7 42 2300 7.16 0.04 -8.0% 2352   
42 385700036 3 10 1975 0.5 1.2 162 317 60  690 6.10   718 Paskevicius Tony Paskevicius in the GSV 
1974-1976 investigation 
42 CMSR - Hard Hills 
near trench 
385700027 19 11 1972 24.4 27.1 1224 30 30 836 6 51 73 158 5 42 35 1287 7.90 0.02 -0.9% NA  last @ 71 m, 1.5 L/s 
42 385700028 30 11 1972 7.6 7.9 1.1 223 22 94 36 14 13 25 3 440 16 7.00 0.00 71.2% 142 L. Coughlan driller Larry Coughlan sampled 
42 385700027 12 6 1980 24.4 27.1 1.4 1250 54 838 21 101 65 125 3 5 43 1350 7.10 0.02 -5.4% 1228   
42 CMSR - Hard Hills Spring MS 
42 Trench undifferentiated 
1 1 1920 1735 1198 103 101 130 5 0.03 -6.7% NA P. Rankin 
Scott 
Delightful Daylesford 
42  17 11 1929 2627 56 1863 31 187 136 247 20 43 52.8 0.04 -6.5% NA Watson/Bara
gwanath 
Central East side pipe 
42  17 11 1929 2611 42 1843 20 143 132 256 21 106 57.6 0.04 -4.7% NA Watson/Bara
gwanath 
Central South side pipe  
42    1959 987 46 676 12 68 54  18 6.20 0.01 -30.4% 1449  MS 42 
42  9 8 1960 965  6.10 NA Lawrence/Ke
nnedy 
Hard Hills, during pumping test 
flowing H2S present 
42  1 12 1964 2648 67 1786 8 130 114 435 13 5 71 6.20 0.04 0.3% 3828 McL & M Central  
42  28 6 1972 1607 55 1131 13 26 110 221 5 18 46 1680 7.86 0.03 -4.6% NA  Central Hard Hills Spring 
42  26 7 1972 1573 57 1099 17 34 106 207 5 13 48 1650 7.75 0.02 -5.6% 1366  Central Hard Hills Spring 
42  29 8 1972 1385 60 67 861 22 4 106 212 5 15 48 1530 8.60 0.02 -3.4% NA  Central Hard Hills Spring 
42  26 9 1972 1351 55 113 793 14 2 107 214 5 10 48 1500 8.82 0.02 -3.2% NA  Central Hard Hills Spring 
42  25 10 1972 1355 49 115 2001 17 2 105 218 6 24.5 42 1510 8.90 0.03 -36.6% NA  Central Hard Hills Spring 
42  23 1 1973 1577 56 1111 12 18 107 221 6 20.5 46 1670 7.95 0.02 -4.9% NA  Central Hard Hills Spring 
42 CMSR - Hard Hills Spring MS 
42 Trench east side = pipe 1 
5 7 1974 2161 59 1536 16 168 109 202 5 19.2 57 6.06 0.04 -7.8% 3556 S & K Hard Hills I  eye  
42 CMSR - Hard Hills Spring MS 
42 Trench undifferentiated 
5 7 1974 1820 74 1251 26 142 94 168 4 25.1 53 6.01 0.03 -7.2% 2981 S & K Hard Hills II eye  
42  9 1 1975 2136 50 1525 13 158 106 200 5 20 60 1990 6.36 0.03 -8.3% 3011 Szabo PO4<0.02  
42 CMSR - Hard Hills 
Spring MS 42 
Trench east side = 
pipe 1 
 26 2 1975 2195 59 1556 17 162 109 215 6 16.2 56 6.05 0.04 -7.8% 3623 Szabo H'H pipe 1 T=13.8 C 
42 CMSR - Hard Hills 
Spring MS 42 
Trench south side 
 26 2 1975 2170 52 1549 11 158 107 215 6 17.5 56 6.00 0.03 -7.6% 3712 Szabo H'H pipe 2 T=13.5 C 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
= pipe 2 
42 CMSR - Hard Hills 
Spring MS 42 
Trench 
undifferentiated 
 3 10 1975 24 561 6  790 6.00   1345 Paskevicius Hard Hills 
42  11 6 1982 1067 41 724 1 14 74 59 115 3 75 36 1150 6.15 0.02 3.5% 1594  Central Hard Hills Spring 
42  17 11 1987 1001 86 600 45 64 51 110 1 10 43 1200 5.90 0.02 -8.6% 1526 RB MS 42 Central 
42  11 12 2002 2100 69 1600 19 140 92 200 4.3 20 40 2300 6.10 0.03 -14.9% 3622 WaterEcosci
ence 
 Temp 15.9 deg C 
 
43 Coliban on 
Loddon River (MS 
43) 
 25 1 1978 128 9 64 8 6 5 15 2 3 19 160 7.02 0.00 -5.3% 96 Laing, C. gas & scum on river 
 
44 Golden Wattle 
(MS 44) 
   1929 2832 16 2111 10 216 169 241 6 56 0.05 -7.8% NA  MS 44 
44  18 11 1980 1786 58 1268 2 166 122 103 4 3 63 1770 7.55 0.03 -7.5% 1644 Laing, C. Golden Wattle 
        
44 Egan source at 
Eganstown 
 5 9 1984 978 160 550 8 96 64 96 4 0.9 23 1300 6.15 0.02 -3.7% 1211 RB Egan Source 
44  24 8 1988 638 100 360 14 49 42 70 3 4.9 42 900 6.18 0.01 -5.7% 780 RB Egan Source 
44  5 4 1989 953 120 610 8 72 58 82 3 3.8 52 1200 6.40 0.02 -12.5% 1181 RB Egan Source 
44  23 8 1989 748 110 440 11 60 49 75 3 6.7 52 1000 6.50 0.01 -6.9% 813 RB Egan Source 
 
45 Corinella Spring 
MS 45 
 4 12 1929 2819 16 2111 10 216 169 230 11 9 59.69 NA FF Field 
/Watson 
 
45  1 12 1964 2526 175 1664 7 194 189 225 7 7 58 6.20 0.05 -3.6% 3567 McL & M Corinella 
45  5 7 1974 2403 178 1614 11 193 152 197 6 5.6 56 6.14 0.04 -9.0% 3574 S & K Corinella eye 
45  11 6 1980 1481 191 1565  2540 6.70 0.02 2650 Laing, C. Corinella Spring 
45  8 11 1987 2208 160 1600 11 140 95 160 4 3.9 43 2400 6.50 0.03 -23.6% 2955 RB Corinella 
45  18 1 1978 2555 159 1731 12 201 163 219 7 0.5 63 2600 7.20 0.04 -7.9% 2459 Laing, C. GR143905  
45 Corinella Mineral 
Spring MS 45A 
 11 6 1980 656 185 621  6.60 0.01 1097 Laing, C. MS 45B GR140905,100m W 
45  11 6 1980 842 189 600  7.80 0.01 739 Laing, C. MS 45A GR139906 mine 
 
46 Sailors Flat (MS 
46)  
 25 1 1978 733 42 445 26 30 43 89 4 56 54 790 7.39 0.01 2.8% 600 Laing, C. MS 46 0.6 x 0.3 m hole  
46 Sailors Flat (MS 
46) - Hepburn Spa 
385710051 8 6 1985 21.0 32.0 2.5 305 52 146 26 18 23 30 10 2.3 14 450 7.00 0.01 -4.4% 221   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
Extraction Bores 
46 385710052 17 5 1985 32.0 38.0 24.0 502 42 256 75 3 35 90 1 5.1 20 660 7.50 0.01 -2.4% 336   
46 385710053 18 5 1985 30.0 38.0 3.0 224 27 100 43 15 23 14 2 13 340 6.40 0.00 -5.4% 194   
        
47 Eganstown Spring 
in Forest beside 
Belfast Gully (MS 
47) 
 18 11 1980 2295 62 1671 6 21 163 154 206 8 2250 7.95 0.04 -6.1% NA Laing, C. Eganstown Spring Forest 
 
49 Leitches Creek - 
(MS 49) pit spring 
 1 1 1920 1314 32 966 9 138 70 77 22 0.02 -6.8% NA F Kruse Li=2, Picturesque Daylesford 
49  1 1 1929 2037 20 1475 6 166 148 140 5 8 65 0.04 -4.5% NA  MS 49 
49  15 6 1960 1957 19 1472 3 167 130 169 45 6.20 0.04 -4.4% 3155  MS 49 Glenlyon- 
49  1 12 1964 2009 20 1450 6 166 148 140 2 8 65 6.20 0.04 -3.9% 3108 McL & M MS 49 Lietches Ck  
49  5 7 1974 2064 19 1535 4 177 128 124 4 9.4 77 6.09 0.03 -10.0% 3494 S & K MS 49 Leitch's Ck Eye 
49  20 1 1978 2005 15 1517 172 130 145 5 7 21 1910 6.75 0.04 -6.1% 2518 Laing, C. MS 49 GR261905 
49  17 11 1987 1910 17 1460 6 150 99 120 2 1.9 69 2000 6.30 0.03 -15.9% 2971 RB MS 49 Leitches Ck 
49  16 1 2003 1900 17 1500 4 150 110 130 3.8 8.2 56 2100 6.00 0.03 -13.2% 3595 WaterEcosci
ence 
 Temp 14.2 deg C 
49 Leitches Creek - 
(MS 49) Hand 
Pump 
 7 9 2000 1752.
6
20 1200 3 180 130 140 4.6 4.34 70.67 6.20 0.03 3.6% 2572 Amdel E16842, new installation on the 
redrilled hand pump 
49  16 1 2003 1900 17 1500 3 160 120 130 4.1 7.9 59 2100 6.10 0.03 -10.7% 3396 WaterEcosci
ence 
 Temp 14 deg C 
 
50 Bagnall's Spring 
MS 50 in Timbuck 
Gully 
 1 2 1978 1742 62 1194 33 187 110 88 3 25 65 1800 7.65 0.03 -6.5% 1514 Laing, C. Bagnall's Spring 
50  1 2 1978 1853 61 1297 23 197 118 99 3 35 55 1890 7.73 0.03 -5.4% 1618 Laing, C. a - better sample 
 
51 Jubilee Lake 
(Soda Spring) MS 
51 
 3 12 1929 2086 60 1469 13 136 95 250 11 11 52.07 0.03 -6.1% NA F.F. Field MS 51 
51 385700012 6 4 1959 2159 41 1581 8 140 107 272 3.7 22 6.30 0.04 -4.7% 3217  WOMBAT 
51 385700012 9 8 1960 3.7 1942 53 1429 9 70 127 257 6.30 0.03 2908 Lawrence/Ke
nnedy 
Soda Spring at Jubliee Lake, 
SWL 3.66, depth 3.96 m 
51 385700012 1 12 1964 2186 42 1550 8 140 124 250 7 9 56 6.20 0.04 -3.5% 3322 McL & M MS 51 Jubilee Lake  
51 385700012 5 5 1978 1518 36 1083 1 41 89 219 11 2 38 1495 8.19 0.02 -3.8% NA  WOMBAT 
51 Jubilee Lake  26 6 2002 2950 35 2160 2 130 130 410 9.5 3.6 69.54 2000 6.30 NA   
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
(Soda Spring) MS 
51 - New bore 
2002 
51  16 1 2003 2000 39 1500 3 140 85 230 6.5 3.3 42 2100 6.20 0.03 -9.0% 3215 WaterEcosci
ence 
 Temp 18.4 deg C 
 
52 Lyonville MS 52  1 1 1911 1721 23 1249 125 61 227 3 31 0.03 -5.1% NA  MS 52; Bayley, LR 4 p. 722, 
Assays 672-677, 
53 Lyonville Mineral 
Springs MS 53-
MS 57 
 1 1 1911 1787 13 1298 118 46 280 7 28 0.03 -3.5% NA  MS 53, Bayley, LR 4 p. 722, 
Assays 672-677, 
53  4 12 1929 3796 17 2790 4 199 139 547 13 43 55.88 NA F.F.Field/Wat
son 
Annual Laboratory Reports 1929 
53  12 5 1961 2590 20 1874 7 37 431  8.30 0.05 -1.4% NA  MS 53, Bayley, LR 4 p. 722, 
Assays 672-677, 
53  1 12 1964 2687 23 1870 8 152 122 445 14 6 46 6.20 0.04 3.4% 4008 McL & M Lyonville MS 53 
53  27 11 1973 2489 20 1846 157 106 321 11 1.8 28 6.70 0.04 -5.5% 3126 Shugg Lyonville MS 53  
53 226208004 5 7 1974 2690 22 1996 3 180 114 330 11 5.1 34 6.15 0.04 -6.3% 4395 S & K Lyonville on Loddon  
53  9 1 1975 2710 20 2013 179 114 336 12 5.1 31 2500 6.26 0.04 -6.1% 4181 Szabo Lyonville PO4=0.16  
53  26 2 1975 2756 16 2074 183 119 318 12 2.3 32 6.20 0.04 -8.0% 4446 Lew Lyonville T=11.0 C 
53  21 1 1978 2522 18 1874 186 115 322 12 3 4 2550 6.70 0.04 -2.5% 3174 Laing, C. MS 53 GR321896  
53  16 1 2003 2400 19 1800 0.133 3 140 89 290 9.6 6.7 24 2400 6.10 0.04 -10.0% 4075 WaterEcosci
ence 
 Temp 13 deg C 
54 Lyonville Mineral 
Springs - small 
eyes (MS 54 - MS 
56) 
 1 1 1911 2391 18 1749 156 75 353 7 31 0.04 -4.4% NA  MS 54, Bayley, LR 4 p. 722, 
Assays 672-677, 
55  1 1 1911 1949 18 1414 127 67 275 9 37 0.03 -4.3% NA  MS 55, Bayley, LR 4 p. 722, 
Assays 672-677, 
56  1 1 1911 2396 15 1751 147 85 345 4 49 0.04 -4.9% NA  MS 56, Bayley, LR 4 p. 722, 
Assays 672-677, 
57 Lyonville 
Township Mineral 
Spring (MS 57) 
 1 1 1911 3600 11 2652 187 105 597 9 39 0.05 -4.3% NA  MS 57, Bayley, LR 4 p. 722, 
Assays 672-677, 
57 226208005 15 6 1960 2474 22 1844 2 157 109 325 0.2 20 6.40 0.04 -5.4% 3570  MS 57 
57 226208005 27 3 1980 3063 14 2269 2 73 122 527 14 1 42 2850 8.15 0.04 -5.1% NA Laing, C. MS 57 GR313880 
 
59 Bullarto Mineral 
Spring MS 59 
(GR269875) 
226208006 27 3 1980 636 14 442 2 40 49 41 2 8 46 7.34 0.01 -5.0% 604 Laing, C. MS 59 small soakage 
 
60 Sailors Falls MS 
60 A - Wishing 
 27 11 1929 2382 17 1763 13 170 126 231 14 17 39.37 NA F.F.Field/Wat
son 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
Well Spring 
60  1 1 1937 2018 34 1483 135 98 219 6 43 NA FF Field, /H 
Steinhauser 
Wishing well at sailors falls 
60  15 6 1961 2941 18 2221 10 176 172 316 12 19 7.80 0.05 -6.7% 2734 Thomas Sailors Falls 
60  1 12 1964 2934 20 2176 7 201 174 292 9 55 6.30 0.05 -6.2% 4427 McL & M MS 60A southern side 
60  5 7 1974 2738 20 2058 4 198 147 258 11 6.2 42 6.24 0.04 -8.2% 4319 S & K MS 60A Wishing Well 
60  20 1 1978 178 21 76 19 8 11 19 1 14 23 229 7.40 0.00 0.9% 102 Laing, C. MS 60A pool in Ck 
60  12 1 1988 2742 17 2200 6 160 100 22 7 4.1 36 2700 6.40 0.04 -43.2% 4260 RB MS 60A Sailors Falls 
60  11 12 2002 2900 12 2300 3 170 120 250 9.2 14 30 2900 6.20 0.04 -18.4% 4930 WaterEcosci
ence 
 Temp 16.9 deg C 
60 Sailors Falls MS 
60 B 
 15 6 1961 2743 26 2055 22 162 174 280 10 16 7.80 0.05 -6.6% 2529 Thomas 10m SW? of MS 60 
60  5 7 1974 2737 26 2053 31 202 153 258 10 6 6.22 0.05 -7.6% 4354 S & K MS 60B 20m NW of 60A  
60  19 2 1978 2367 18 1758 3 116 145 269 11 3 47 2250 7.70 0.04 -5.7% 2207 Laing, C. Sailors Falls B  
60  12 1 1988 2543 20 2000 25 150 100 210 6 3.1 36 2500 6.50 0.04 -21.1% 3694 RB MS 60B Sailors Falls  
60  11 12 2002 2900 25 2300 3 170 120 260 9.7 4.9 32 2800 6.30 0.04 -18.6% 4680 WaterEcosci
ence 
 Temp 13.9 deg C 
        
61 Sailors Creek MS 
61 
   1929 2386 17 1763 13 170 126 245 12 39 0.04 -6.4% NA  MS 61 
61  1 2 1978 1866 20 83 1247 2 69 103 274 12 38 56 1880 8.30 0.03 -1.2% NA  Sailors Creek M S 
        
62 Muirs MS 62 and 
Boon Spa Bore  
 5 7 1974 1690 23 1245 3 111 77 181 7 13.5 37 6.03 0.03 -7.7% 2932 S & K Muirs,800m S of MS 60 
62  1 2 1978 1605 21 1170 75 84 213 9 7 33 1545 7.81 0.03 -3.7% NA Laing, C. Boon Spa bore 
62 Muirs Bottling 
Spring MS 62 - 
Boon Spa Mineral 
Water Source 
 17 5 1984 1544 22 1160 1 92 73 190 7 15 35 1700 6.04 0.02 -5.8% 2717 RB Boon Spa MS62  
62  6 10 1987 851 16 645 2 53 36 98 3 8.3 22 960 5.90 0.01 -8.7% 1641 RB Boon Spa MS62  
62  17 2 1988 1206 21 890 1 73 57 160 4 5 28 1300 6.10 0.02 -3.9% 2015 RB Boon Spa MS62  
62  1 8 1988 533 12 390 2 36 25 65 2 2.3 16 640 5.94 0.01 -4.2% 968 RB Boon Spa MS62  
62  8 12 1988 1316 18 1040 3 74 47 130 4 8.2 14 1400 6.30 0.02 -17.5% 2116 RB Boon Spa MS62  
 
64 Blackwood - 
Simmons Reef  
 14 5 1947 1533 21 1105 80 53 230 20 24 0.02 -3.8% NA E.R Terreill Mineral Spring Water Simmons 
Reef, Blackwood 
        
64 Blackwood  5 7 1974 2149 23 1564 6 94 59 364 18 2.8 16 6.18 0.03 -4.5% 3388 S & K MS 64B South eye 
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3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
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Mineral Springs 
MS 64A South - 
Soda 
64  25 1 1978 1790 20 58 1211 7 12 56 393 20 13 1860 8.69 0.02 -0.7% NA Laing, C.  
64  17 11 1987 2118 20 1600 10 80 50 330 16 1.9 13 2200 6.30 0.03 -11.4% 3255 RB MS 64A Blackwood 
64  11 12 2002 2300 27 1800 0.576 5 84 62 350 15 3.6 14 2400 6.20 0.03 -13.2% 3858 WaterEcosci
ence 
 Temp 13.4 deg C 
64 Blackwood 
Mineral Springs 
MS 64B North 
 1 1 1867 1036  NA Cosmo 
Newbery 
N, Newbery in Dunn(1889) 
64  1 1 1867 1705 89 1130 15 104 8 359 0.02 -2.0% NA Cosmo 
Newbery 
N of river 
64  1 1 1891 1696 89 1126 15 103 7 287 0.02 -10.3% NA Pribble  
64  1 12 1964 2934 38 2176 5 97 93 360 18 7 29 6.20 0.04 -16.6% 4664 McL & M MS 64 N of river 
64  5 7 1974 2268 37 1654 6 101 74 361 16 4.2 20 6.23 0.03 -5.7% 3489 S & K Blackwood North  
64  25 1 1978 1947 34 46 1331 9 24 73 390 19 2 21 2000 8.28 0.03 -1.9% NA Laing, C.  
64  17 11 1987 2251 31 1700 8 89 62 330 14 3.1 18 2300 6.30 0.03 -12.3% 3459 RB MS 64B Blackwood 
64  11 12 2002 2100 25 1600 0.089 19 71 48 330 16 2 9.4 2100 6.20 0.03 -13.1% 3430 WaterEcosci
ence 
 Temp 11.4 deg C 
 
68 Spargo Creek 
"Ballan" 1850's - 
1950's;   MS68 
Old Rotunda 
293008003 1 1 1867 2653 47 1942 106 91 456 11 0.04 -4.0% NA Cosmo 
Newbery 
Ballan Spring of (C.Newbery) 
68 293008003 1 1 1887 2503 45 1599 179 114 83 436 43 0.04 -4.0% NA F.Dunn Ballan Spring of (F.Dunn) 
68 293008003 1 12 1964 1899 35 1358 5 83 87 295 10 6 20 6.30 0.03 -1.9% 2763 McL & M Spargo Creek  
68 293008003 5 7 1974 1875 34 1374 10 87 70 284 9 4 12 6.15 0.03 -5.9% 3026 S & K Spargo Creek  
68 293008003 15 4 1977 1877 25 1372 82 70 303 10 0.4 15 1600 6.75 0.03 -3.7% 2277 Laing, C. Spargo Ck Reserve  
68 293008003 11 6 1982 1885 28 1360 2 1 85 72 317 10 1 10 1900 6.35 2698   
68 293008003 24 8 1988 1727 33 1300 3 69 54 250 7 4.2 11 1900 5.97 0.02 -11.4% 3171 RB MS 65 Spargo Creek  
68 293008003 26 5 1989 0.5 82 69 290 9.5 4.6 1.32 2000 NA RB  
68 293008003 26 5 1989 0.4 82 69 260 9.4 4.2 1.32 2000 NA RB  
68 293008003 16 1 2003 2000 30 1500 0 85 72 310 9.7 3.6 9.6 2100 6.00 0.03 -6.7% 3595 WaterEcosci
ence 
 Temp 13 deg C 
 
70 Gunsser's Mineral 
Spring MS 70 A 
on 
Korweinguboora 
spillway 
 4 3 1979 2309 136 1577 1 67 93 399 33 3 7 NA   
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Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
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TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
70 Gunsser's Mineral 
Spring MS 70 
 15 6 1961 1924 30 1407 88 72 315 2 8 7.90 0.03 -3.5% NA  MS 70 
70  10 3 1979 2122 35 1402 1 2 125 399 13 16 2130 8.95 0.03 4.4% NA Laing, C. MS 70 near dam wall 
70  28 3 1979 2733 34 2029 120 126 396 13 4 15 2640 7.81 0.04 -5.1% NA Laing, C. MS 70 near spillway 
70  4 4 1990 2168 96 1580 3 100 79 300 10 4.4 12 2500 6.20 0.03 -11.3% 3387 RB Gunsser's 
 
73 Donnybrook 
Mineral Springs 
(MS 73) 
 1 1 1874 531.5 2004 587.1 700 NA  Cosmo Newberry, PRGS No.2, p. 
132 
73  1 1 1911 3961 519 2133 56 172 326 621 2 7 107 - 0.07 3.1% NA Bayley PGW Bayley, 681/1911, LB 4, p724 
73  1 1 1911 2292 368 1137 36 87 176 395 2 7 58 - 0.04 3.9% NA Bayley PGW Bayley, 681/1911, LB 4, p724 
73  1 1 1924 4749 523 2896 56 173 327 649 11 114 0.08 -6.7% NA  MS 73 
73  1 12 1964 4229 503 2555 46 135 406 508 5 66 6.50 0.08 -3.3% 4719 McL & M MS 73   
73  18 7 1978 3756 500 2247 54 113 310 459 1 1 57 8.12 0.07 -7.9% NA Salter/Laing spring  
73  1 9 1980 3534 505 2115 61 20 354 461 1 1 1 4050 6.00 0.06 -6.1% 5069 Laing, C. spring 
73  27 7 1981 3856 540 2320 44 140 350 460 1.6 4050 6.70 0.07 -5.4% 3929 RB MS 73 Donnybrook  
73  11 11 1987 3474 490 2070 48 110 250 410 13 2.3 103 3700 6.70 0.06 -12.0% 3506 RB MS 73 Donnybrook  
73 Donnybrook 
Mineral Springs 
(MS 73) - spring 
 8 11 2000 2530 20 0.03 50  2.91 3250 6.51 NA Sharp and 
Howells P/L 
Gerry Clingin 
73 Donnybrook 
Mineral Springs 
(MS 73) - bore 
flowing 
 9 7 1980 4109 507 2538 51 142 364 470 1 1 20 4500 5.75 0.08 -6.7% 7089 Laing, C. flowing bore  
73 Donnybrook 
Mineral Springs 
(MS 73) - bore 
 2 9 1980 4449 453 2843 2 61 156 379 512 1 26 4710 7.50 0.08 -6.8% 3729 Laing, C. bore @ 32m  
73  22 9 1980 4278 440 2730 3 55 37 384 540 1 72 4500 6.80 0.07 -8.2% 4443 Laing, C. bore @ 32m  
73  8 11 2000 840 430 0.19 20  4.11 1120 6.96 NA Sharp and 
Howells P/L 
Gerry Clingin 
 
74 Coimadai private 
water bore 
240415002 1 2 1990 76.0 80.0 61.0 5129 1800 1195 490 36 340 1200 68 10 7500 8.20 0.09 -2.0% NA  PB with mw character 
74 Coimadai Mineral 
Spring (MS 74) 
 1 1 1887 3552 874 1379 227 162 252 600 24 6 32 0.07 -2.4% NA F. Dunn Coimadai Spring 
 
75 Clarendon Mineral 
Spring - MS 75 
 26 3 1980 2243 600 980 2 114 120 386 10 62 31 3060 7.80 0.04 -2.7% 1206 Laing, C. MS 75 spring 
75 Clarendon Mineral 
Spring - MS 75  - 
Mr Russel Fords 
 14 2 2001  NA   
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Fr 
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3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
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activity  
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H2CO
3
Analyst or 
Sender 
Site information 
Property - 
polygonal pit 
75 Clarendon Mineral 
Spring - MS 75A 
 26 3 1980 7428 4630 98 4 76 163 543 1899 4 34 11 1300
0
7.40 0.16 -3.7% 132 Laing, C. MS 75A not flowing 
75 Clarendon Mineral 
Spring - MS 75A  
seep 5 m south of 
MS75 
 14 2 2001  NA   
 
76 Moolap 1, bore in 
(Tpb ?) SE of the 
Spring 
 1 1 1927 7.9 1625
0
8948 1098 323 711 422.9 4747 NA   
76 Geelong Mineral 
Springs MS 76-78
 1 1 1957 7516 3255 1481 172 288 166  6 43 0.09 -68.8% NA  MS 76 
77  1 1 1895 6317 2908 1129 212 191 176 1745 94 7.5 30 0.11 -4.1% NA G.F. Link Geelong No. 2 spring  
77  1 1 1957 7411 3278 1207 346 230 191  1 38 0.09 -69.6% NA  MS 77 
78  1 1 1895 7449 3509 949 348 324 183 2006 80 7 43 0.13 -3.9% NA G.F. Link Geelong No. 1 spring  
78  1 1 1911 6405 2834 1178 150 191 168 1784 60 3 37 0.11 -2.8% NA  Geelong No. 3, 84/1911, LB 4., p 
581 
78  1 1 1920 667 414 374 183 1881 550 4.5 31   NA  Geelong No. 1, Prog. Ass. 
78  1 1 1957 6709 2966 1251 152 210 161  6 43 0.08 -70.0% NA  MS 78 
76 Geelong Bore No. 
1 First New bore 
at Eastern Beach 
Spring, 20 m S on 
the path 76 A 
 7 5 1999 46.0 52.0 Flows 
+3 
AHD 
7000 3600 1600 77 150 63 2100 39 NA  New bore at Eastern Beach, just 
above the old MS turret  
76  16 5 2001  7380 6.34 NA  New bore at Eastern Beach, just 
above the old MS turret  
76  20 6 2002 7400 3500 1830 240 300 183 2000 120 5.8 68.4 1200
0
6.20 0.14 -8.8% 3923   
76 Geelong Bore No. 
2 Second New 
bore at Eastern 
Beach 120 m west 
of bore 1 
 1 6 2000 5800 2600 506 5.316 50 120 100 1500 37 7700 6.43 0.09 -3.4% 966  Second new bore 120 m west of 
bore 1 
76  16 5 2001  9680 6.86   NA  Second new bore 120 m west of 
bore 1 
        
79 Clifton Springs MS 
79-84 
 1 1 1887 8673 3829 1086 814 257 429 220 29 29 0.12 -49.9% NA F. Dunn No.1 prob MS 79 
79  1 1 1887 6969 3343 886 286 243 257 1900 11 43 0.13 -3.1% NA F. Dunn No.2  
79  1 1 1887 6886 3086 657 700 143 243 1986 71 0.12 -2.7% NA F. Dunn No.3  
79  1 1 1887 6900 3414 743 286 157 343 1814 14 130 0.13 -4.0% NA F. Dunn No.4  
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79  1 1 1887 8429 3743 1657 200 300 414 2029 86 0.16 -4.7% NA F. Dunn No.5  
79  1 1 1887 6816 3257 1000 229 157 387 1686 100 0.13 -4.7% NA F. Dunn No.6  
79  1 1 1887 7243 3457 1043 229 143 343 1914 114 0.14 -4.4% NA F. Dunn No.7 prob MS 82 
79  1 1 1920 7514 3879 1026 145 162 2186 116 0.13 -7.1% NA  MS 79 pumped to Hotel 
79  19 12 1957 6040 3156 512 286 143 308 1681 0.6 83 6.30 0.12 -2.9% 1042  MS 79 in 1957 
79  19 12 1957 5659 2792 649 278 134 267 1577 0.6 80 6.60 0.11 -2.8% 1146  MS 79 in 1957 
81  27 3 1980 6796 3530 511 343 175 349 1755 33 19 99 7.56 0.13 -4.3% 661 Laing, C. Clifton Spring,  
82  2 6 1959 6440 4400 41 492  0.07 NA Jewell BOD=11  
82  12 1 1962 4220 3460  0.05 NA  Clifton Spring western 
82  27 3 1980 7198 3730 594 336 164 356 1874 40 50 104 7.00 0.14 -4.4% 899 Laing, C. Clifton Spring  
82  28 6 1982 3700 330 1560 45   NA  Western old brick well 
82  24 7 1984 6250 3350 253 158 303 1630 41 2 0.12 -0.5% NA  CS 1 BOD=1.2 
82  25 7 1984 6050 3216 267 162 327 1635 43 26 0.12 2.6% NA  CS 1 BOD=0.3 E Coli <10 
82  26 7 1984 1860
0
9950 165 309 830 4735 184 11 0.33 -1.8% NA  CS BOD=3, E Coli=1290 
82  27 7 1984 7000 3660 207 105 419 1977 30 9 0.14 5.0% NA  CS BOD=6.3, E Coli<10 
82  10 8 1984 2694 325 253 144 329 1600 43 0.08 NA  CS 4 BOD=3 E Coli 0 
82  10 8 1984 7371 4350 259 232 512 1960 58 0.16 NA  TR1 f'shore trench BOD=4 
82  10 8 1984 6076 3490 258 170 370 1740 48 0.13 NA  CS Dammed Spring BOD=2 
82   5 1985 5958 3200 390 160 310 1800 25 65 7.50 0.12 2.9% NA Elder  MS 82 (GSV) 
82  8 5 1985 6100 3100 430 330 130 310 1700 31 90 63 1000
0
7.00 0.12 0.0% 651 Elder  Br=11,  I=0.1 (GSV) 
82 Clifton Springs: 
Corio Bay - 
Werribbee 
Formation  
324100001 30 4 1965 279.2 404.2 13.4 3833 1790 69 567 202 12 221  8.00 0.05 -61.9% NA  MURTCAIM 
82 324100001 30 4 1965 279.2 404.2 13.4 3769 1845 776  7.60 0.03 995  MURTCAIM 
82 389100007 9 3 1966 175.3 204.2 6.7 4480 2250 38 434 323 123 265  2.1 13 8.40 0.06 -55.2% NA  WOORNYALOOK 
82 Clifton Springs: 
Nepean Peinsula -
Werribbee 
Formation  
329700037 19 6 1980 805.0 855.0 39.6 2725 1481 4 11 185 49 2 968 24 2 1 4860 5.60 0.05 -1.1% 12  NEPEAN bore 
82 329700038 3 7 1979 507.6 549.6 3761 1509 941 33 125 99 949 80 4 25 5600 7.25 0.07 -3.6% 1318  NEPEAN bore 
82 329700038 9 7 1979 650.0 759.0 3570 1436 874 31 117 86 921 78 3 27 5400 7.70 0.06 -3.1% 1097  NEPEAN bore 
82 Clifton Springs: 
Bellarine - 
Werribbee 
210608002 1 12 1959 7325 3605 591 591 111 321  8.30 0.09 -65.9% NA  Probable Werribee Fm. 
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Formation  
82 Clifton Springs - 
Private water 
bores  
210608010 25 11 1957 6023 3156 512 286 143 308  81 6.30 0.08 -60.2% 1042  Clifton Springs 
82 210608010 27 3 1980 6796 3530 511 1 343 175 349 1755 33 19 99 1100
0
7.56 0.13 -4.3% 661  Clifton Springs 
82 210608012 25 11 1957 5642 2792 649 278 134 267  79 6.60 0.07 -61.4% 1146  Clifton Springs 
82 210608013 27 3 1980 7198 3730 594 336 164 356 1874 40 50 104 1150
0
7.00 0.14 -4.4% 899  Clifton Springs 
82 Clifton Springs: 
Bellarine - 
Werribbee 
Formation  
210610001 21 12 1972 48.8 51.8 41.2 2961 1363 27 450 14 35 124  5020 8.20 0.03 -64.7% NA  Werribee Fm as sub Tvo 
82 Clifton Springs - 
Older Volcanics 
bore 
210610017 12 1 1983 8862 4400 695 540 90 320 2800 17 0.1 37 1400
0
8.30 0.16 -0.5% NA   
82 Clifton Springs 
Shire bore on 
each berm east of 
grotto 
210610025 8 1 1985 7700 3900 440 580 360 400 2000 39 33 1300
0
7.40 0.16 -1.2% 592 GWT S of B bore  
82 210610025 8 1 1985 6500 3500 171 400 164 320 1900 29 65 1100
0
7.60 0.13 -0.2% 219 GWT S of B bore  
82 210610025 8 1 1985 6100 3200 232 390 160 310 1800 25 65 1100
0
7.60 0.12 1.0% 297 GWT S of B bore  
82 210610025 8 5 1986 18.5 19.5 5841 3400 341 15 65 290 1700 30 30 5 1000
0
7.80 0.12 -2.5% 420  bore at Fairy Dell (GSV) 
82 210610025 8 5 1986 18.5 19.5 6125 3100 524 330 130 310 1700 31 90 80 1000
0
7.00 0.12 -0.9% 793  bore at Fairy Dell (GSV) 
        
83 Frankston Springs 
MS 83-84 
 16 4 1906 218 59 21 52 19 2  12 13 0.00 -38.3% NA J. Joplin Sulphur Sp. 
84  16 4 1906 376 118 26 88 24 17  27 2 0.00 -26.5% NA J. Joplin Chalybeate Sp. 
        
85 Krambruk Spring 
MS 85 - Apollo 
Bay 
 1 1 1887 2275 1183 133 45 37 64 675 138 0.04 -3.9% NA F. Dunn Krambrook No 1,  
85  1 1 1887 2381 1260 67 194 80 89 673 18 0.05 -2.9% NA F. Dunn Krambrook No 2,  
85 Krambruk - 
Drought Relief 
bore 
293600006 9 4 1968 22.9 41.1 8400 4140 1492 134 308 302  17 1320
0
7.90 0.11 -64.3% NA  KRAMBRUK 
        
86 Johnstones - Mt 
Richmond MS 86 
 15 12 1967 266 96 49 19 8 8 60 3 1.9 0.00 -2.4% NA  Johnstone Spring Nat Pk 
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88 Barrangunda MS 
88A 
 26 3 1976 1580 73 19 726 293 13 10 429 5 1 12 8.54 0.02 -1.7% NA Szabo MS 88A Barrangunda 
88 Merrijig (MS 88B)        NA   
        
90 Dropmore Mineral 
Springs MS 90  
   1931 1373 32 945 162 42 77 13 30.7 90 0.02 -9.4% NA Watson Dropmore GR501322 
90  6 4 1969 1221 29 839 150 45 66 7 46.3 96 6.50 0.02 -5.6% 1550 J.Knight  J.Knight DGSV 
90  8 2 1980 1218 22 828 2 12 54 79 8 60 102 7.50 0.01 -21.6% 1086 M.Garrat Hughes Ck 
90  8 2 1980 497 278 16 2 20 30 105 2 35 41 7.10 0.01 1.2% 23 M.Garrat Woolshed Ck 
90  13 11 1980 727 28 54 421 10 62 39 70 6 50 37 8.25 0.01 2.1% NA Laing, C. Mr Kaponica's 
90  22 2 1990 1085 26 780 1 160 41 71 7 21 122 1200 6.20 0.02 -4.7% 1672 RB Dropmore 
        
91 Flowerdale 
Mineral Springs 
MS 91 A, 91B, 
91C 
 13 11 1979 2314 93 1556 4 70 377 70 103 5 200 36 2400 7.11 0.04 0.6% 2272 S.Woodlands MS 91A  
91  3 11 1979 1745 96 1096 2 77 236 69 110 4 59 55 1860 7.40 0.03 -4.0% 1473 S.Woodlands MS 91B  
91  20 11 1980 2317 189 1514 4 16 238 92 238 7 20 19 2300 7.60 0.04 -6.5% 1941  MS 91C Flowerdale Spring 
        
97 Liberty MS 97  4 12 1929 1996 71 1379 23 126 94 239 14 11 49.53 7.02 0.03 -6.0% 2073 F.F. Field MS 97 
97  21 1 1978 1836 70 1249 25 90 92 249 5 1 56 1850 7.82 0.03 -5.6% NA Laing, C. GR188972 
97  19 11 1980 2054 68 1420 24 142 96 254 5 1 45 7.30 0.03 -5.2% 1960 Laing, C. MS 97 
97  21 5 1991 1471 56 1060 19 88 65 180 3 3.4 49 1600 6.30 0.02 -10.1% 2157 RB Liberty  
        
98 Golden MS 98   4 12 1929 1492 60 1009 14 100 83 140 7 16 80.01 0.02 -7.4% NA F.F. Field MS 98 
98  5 7 1974 1348 68 908 22 99 82 122 4 5.5 45 5.93 0.02 -6.8% 2268 S & K Golden Spring  
98  20 1 1978 1242 62 817 26 90 75 119 4 4 47 133 6.85 0.02 -5.6% 1305 Laing, C. Golden Spring  
98  16 1 2003 1000 56 720 17 74 62 110 2.9 4.3 35 1200 5.80 0.02 -5.9% 1948 WaterEcosci
ence 
 Temp 16.7 deg C 
        
100 Taradale MS 100 258908001 5 9 1975 2343 19  6.80 0.00 NA Shugg Zn=0.1,F=0.16,Mn =0.8, TDS has 
been determined from EC, and 
the conversion factor is incorrect 
AS, div by 0.76 then mult by 1.2 
100 258908001 23 1 1978 3182 540 127 1570 7 2 169 711 24 8 32 8.70 0.05 -1.8% NA Laing, C. Suggest the sample degassed 
after collection AS 
100 258908001 4 9 1989 3067 450 1830 11 170 120 470 16 7 34 3800 6.50 0.05 -9.4% 3380 RB Taradale  
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
100 258908001 21 5 1991 4210 540 2685 6 200 140 620 19 19 32 4800 6.40 0.06 -14.0% 5199 RB Taradale  
100 Taradale MS 100 -
2002 bore 
 13 11 2002 16.0 50.0 1.5 2298.
1
856 644 46 173 119 430 11 19.1 3990 6.41 0.05 -1.5% 1241  Taradale  
        
101 Charlies Hope 
Mine at Maldon 
MS 101 
 5 9 1975 2520 495 42 1235 47 63 153 454 18 1.5 13 8.21 0.04 -4.7% NA Shugg F = 0.3 
        
103 Ballan "Shaw's"  
MS 103 
 5 7 1974 2300 123 1565 84 101 385 39 17 6.24 0.04 -2.2% 3284 S & K Shaw's Sp, Ballan eye 
103  4 3 1979 2309 136 1577 1 67 93 399 33 3 7.39 0.03 -4.3% 2126 Laing, C. MS 103 
103  12 1 1988 2076 140 1450 3 56 68 320 26 2.2 14 2500 6.40 0.03 -12.7% 2807 RB MS 103 Ballan 
103  2 12 1988 2283 150 1700 5 54 73 340 24 2600 6.90 0.03 -17.4% 2665 RB MS 103 Ballan 
103  16 1 2003 2200 140 1500 2 61 75 350 29 1.7 12 2500 6.10 0.03 -9.6% 3396 WaterEcosci
ence 
 Temp 15.4 deg C 
103 Ballan Spring: 
Ludol Mineral 
Water Source - 
Gorong 10005  
 17 5 1984 1067 290 450 18 39 63 200 7 14 12 1600 6.19 0.02 -2.0% 970 RB Ludol 
        
104 Bullengarook 
Mineral Spring MS 
104 - Fitzgeralds 
[Goodmans ?]  
   1907 1519 627 344 68 114 93 262 2 9 0.03 -4.7% NA  289/1907, LB 3, p 311 
104    1907 1564 670 336 57 111 90 290 2 9 0.03 -4.5% NA  290/1907, LB 3, p 311 
104 Bullengarook MS 
104 
 29 3 1912 3623 55 2181 140 53 597 56 596 0.04 -9.4% NA  Bullengarook-Goodmans 
104  29 3 1912 3167 49 2089 140 34 594 21 290 0.04 -6.4% NA  Bullengarook Spring 
104  29 3 1912 4461 448 3024 247 231 272 754 24.9 156 0.08 -7.1% NA  Bullengarook Spring 
104 Bullengarook - 
Private bore  
226510011 29 5 1982 6.0 58.0 5.0 2454 77 47 1676 4 12 12 107 492 8 3 19 2450 8.50 0.04 -3.2% NA  PB with MW character 
        
105 Somerton Bore 
MS 105 
 27 2 1957 5500 2200 2145 82 218 406  6.70 0.09 -47.8% 3633 J Knight Somerton bore (sent in by John 
Knight [A DGS]) 
105 Somerton PWB 
near MS 105  
281900015 2 9 1980 11.5 12.0 4449 453 2843 2 61 156 379 512 17 26 4710 7.50 0.08 -6.5% 3729  KALKALLO                 55 
105 281908003 21 4 1972 3.1 0.6 2870 509 2519 129 336  7.49 0.06 -33.8% 3312  KALKALLO                 55 
105 281908036 18 4 1989 3119 490 1829 46 69 250 420 14 1.9 107 4000 7.10 0.06 -9.3% 2679  KALKALLO 
105 281915022 3 1 1990 20.0 28.5 8.0 4149 590 2560 1 54 14 380 530 19 102 4700 8.10 0.07 -10.7% NA  KALKALLO                 55 
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Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
106 Walls MS 106 276008001 3 3 1981 2223 559 2018 40  3800 7.70 2533   
        
107 Bairds MS 107 226208007 27 3 1980 1402 15 1027 2 120 86 87 3 29 62 1365 8.05 0.02 -6.5% NA Laing, C. Bairds 
        
109 Knowsley East 
Private Water 
Bore - E Papile's 
bore  (MS 109); 
low Cl & SO4,  
289310001 28 4 1980 15.0 31.0 10.0 1872 145 1110 26 70 25 76 378 10 0.8 32 2100 8.10 0.03 -3.2% NA  KNOWSLEY EAST 
109 289310001 19 1 1981 15.0 31.0 10.0 1683 107 48 969 40 2 20 71 354 9 56 10 1860 8.40 0.02 4.7% NA  Papile's bore @36m 
109 Knowsley East - 
Water bore near 
Heathcote; High - 
HCO3, Cl & SO4 
289310004 16 6 1982 20.0 22.5 15.2 1087
5
5140 966 4 1230 98 824 2578 20 0.1 15 7.40 1299   
109 289310009 16 4 1988 24.0 30.0 20.0 1158
3
5500 1341 10 850 310 810 2700 27 8.4 22 7.40 1803   
109 289310011 16 4 1988 24.0 30.0 21.0 7949 3400 1463 32 430 93 490 1900 31 82 25 7.80 1801   
109  28 4 1980 1683 107 48 969 40 55 20 71 354 9 56 10 8.40 NA   
        
110 Kurrabri Park MS 
110 
293008002 19 11 1980 2425 17 1798 2 5 153 107 316 14 27 13 2300 7.60 0.04 -3.1% 2305 Laing, C. 3 m above Werribee R.  
        
111 Carroll's Mineral 
Springs (MS 111, 
B, C)  
316608001 28 3 1979 1689 20 1256 3 127 77 183 12 11 1700 7.52 0.03 -6.0% 1640 Laing, C. Approached from the Werribee 
River Picnic Area  
111 316608001 4 4 1990 1598 20 1220 2 120 66 170 9 1.7 17 1800 6.30 0.03 -9.2% 2482 RB Carroll's Hell Hole Gully  
        
112 Hogan's Mineral 
Spring MS 112 
(Hogan a local 
politician and 
State Premier) 
 12 7 1979 2081 79 1451 105 78 326 15 1 27 2145 7.95 0.03 -4.0% NA Laing, C.  
113 Werribee River 
MS 113 same as 
MS 112 ?? 
 13 3 1979 2102 84 1461 110 79 325 15 1 28 2150 7.48 0.03 1925 Laing, C. W bank Werribee R 
        
 Taaraak bore 
(RWC 115871)  
 11 8 1993 6460 680 4148 110 180 370 940 27 55 6300 6.60 0.10 -11.1% 7327  flowing sample 
  11 8 1993 5750 720 3538 110 25 370 960 25 66 5700 7.90 0.09 -9.5% NA  air lift, pH & Ca 
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3 
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3
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Avonshire Stratford 
Mineral Spring - from 
Watson 1930 seealso 
Neilson and Kenley UR 
 1 1 1930 975.2
3
539.4 25.82 47.7 11.8 45.53 269 22.32 13.63 NA  Annual Lab Report 1930 
 
Hepburn Regional 
DNRE (GSV) 
Groundwater Monitoring 
Bores 
385700003 3 10 1975 29 616 12  970 6.20   1320  WOMBAT 
 385700003 3 10 1975 57 299 22  762 5.75   835  WOMBAT 
 
Daylesford Regional 
DNRE (GSV) 
Groundwater Monitoring 
Bores 
385700018 19 4 1961 45.7 64.6 15.2 457 159 154 17 44 39  6.40 0.01 -20.8% 298  WOMBAT 
 385700018 29 4 1961 65.2 93.0 7.6 256 72 101 11 22 18  6.00 0.00 -24.6% 242  WOMBAT 
 385700019 12 5 1961 23.5 41.2 110 16 20 52 8 5 4  6.50 0.00 -52.9% 37  WOMBAT 
 385700020 26 5 1961 21.6 35.1 170 9 42 38 6 4 6  7.10 0.00 -43.7% 62  WOMBAT 
 385700065 26 6 1978 12.0 39.5 16.0 349 12 203 2 21 18 28 3 29 62 410 7.75 0.01 1.7% 252  WOMBAT 
 385700065 4 7 1978 39.5 43.0 16.0 209 37 79 1 11 10 23 2 1 46 340 6.75 0.00 -9.8% 131  WOMBAT 
 385700065 5 7 1978 130.0 19.0 231 17 122 14 11 20 2 3 45 250 7.79 0.00 -8.6% 150  WOMBAT 
 385700065 6 7 1978 130.0 19.0 277 17 162 18 14 24 2 3 40 305 7.45 0.00 -7.5% 215  WOMBAT 
 385700065 7 7 1978 130.0 19.0 306 18 182 20 15 27 2 10 42 334 7.83 0.00 -4.8% NA  WOMBAT 
 385700065 8 7 1978 312 18 181 19 15 28 2 9 49 335 7.22 0.00 -6.0% 256  WOMBAT 
 385700065 8 7 1978 39.5 43.0 288 18 8 167 1 19 16 29 2 5 28 343 8.32 0.00 -3.6% NA  WOMBAT 
 385700065 8 7 1978 310 18 182 20 15 28 2 45 336 7.55 0.00 -9.3% 236  WOMBAT 
 385700065 8 7 1978 310 18 183 20 15 28 2 4 44 336 7.52 0.00 -7.4% 239  WOMBAT 
 385700065 8 7 1978 312 18 183 20 16 28 2 7 45 339 7.55 0.00 -5.1% 237  WOMBAT 
 385700065 9 7 1978 296 18 184 1 20 16 29 2 2 26 345 7.55 0.00 -4.6% 239  WOMBAT 
 385700065 9 7 1978 329 19 207 1 28 16 29 2 2 27 383 7.57 0.01 -4.9% 267  WOMBAT 
 385700066 10 5 1978 14.0 19.0 3.6 372 48 189 2 18 25 36 2 52 460 7.22 0.01 -8.3% 267  WOMBAT 
 385700067 30 5 1978 2.7 3.4 2.1 119 10 39 15 1 7 4 12 1 18 30 142 7.09 0.00 8.6% 57  WOMBAT 
 
Bottling Sources - Central Victoria Daylesford Region 
 
Australian Spa  17 5 1984 1774 15 1340 1 86 66 260 7.2 9 40.8 1900 6.04 3138   
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NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
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TIC as 
H2CO
3
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  22 5 1984 1785 14 1340 0.027 1.1 67 270 8.3 7 38.4 2000 6.03 3156   
  11 11 1987 1250 14 960 3.2 61 40 170 5.1 5.3 32.4 1400 6.00 2301   
  17 2 1988 1653 14 1220 3.5 83 61 270 5.1 1 34.8 1800 6.10 2762   
  1 6 1988 1856 15 1460 3.7 86 55 230 6.7 3 30 2100 6.04 3419   
  8 12 1988 1402 13 1110 0.12 3.2 55 36 180 4.1 6.5 32.4 1500 6.40 2149   
  5 4 1989 1678 16 1340 0.182 3.4 69 43 200 5.3 6.3 31.2 1800 6.30 2726   
  23 8 1989 1918 14 1460 3 94 69 270 8 4.2 31 2200 6.30 0.03 -8.8% 2971  Australian Spa Source 
Australian Spa Mineral 
Water Source - Lyonville 
Township Spring -  - 
bores  
226210008 15 5 1981 63.0 67.0 6.0 179 14 88 4 7 10 18 3 35 211 7.70 110   
 226210008 17 5 1984 1774 15 1340 2 86 66 260 7 9 41 1900 6.04 0.03 -6.9% 3138 RB Australian Spa Source 
 226210008 22 5 1984 1785 14 1340 3 86 67 270 8 7 38 2000 6.03 0.03 -5.7% 3156 RB Australian Spa Source 
 226210008 11 11 1987 1250 14 960 3 61 40 170 5 5.3 32 1400 6.00 0.02 -11.6% 2301 RB Australian Spa Source 
 226210008 17 2 1988 1653 14 1220 2 83 61 270 5 1 35 1800 6.10 0.03 -3.0% 2762 RB Australian Spa Source 
 226210008 1 8 1988 1856 15 1460 3 86 55 230 7 3 30 2100 6.04 0.03 -16.7% 3419 RB Australian Spa Source 
 226210008 8 12 1988 1402 13 1110 4 55 36 180 4 6.5 32 1500 6.40 0.02 -18.7% 2149 RB Australian Spa Source 
 226210008 5 4 1989 1678 16 1340 4 69 43 200 5 6.3 31 1800 6.30 0.02 -21.0% 2726 RB Australian Spa Source 
 226210008 23 8 1989 1918 14 1460 3 94 69 270 8 4.2 31 2200 6.30 0.03 -8.8% 2971 RB Australian Spa Source 
 226210011 1 2 1982 14.6 15.9 1.0 834 14 14 569 1 2 32 36 126 4 9 36 900 8.20 NA   
        
Badger Hill P/L  
Springhill  - Ronan 
source  
376010097 3 9 1985 781 15 600 11 65 52 33 5 1.7 840 6.10 0.01 -12.2% 1358  Ronan Source (RB) 
 376010097 6 10 1987 948 20 730 4 85 68 36 5 2.1 79 1100 6.20 0.02 -13.7% 1565  Ronan Source (RB) 
 376010097 17 2 1988 1043 21 795 3 93 84 42 5 1.4 82 1100 6.30 0.02 -10.2% 1618  Ronan Source (RB) 
 376010097 1 8 1988 766 19 585 4 67 54 32 5 0.2 73 910 6.20 0.01 -13.9% 1254  Ronan Source (RB) 
 376010097 8 12 1988 890 26 695 4 74 58 33 5 1.5 71 990 6.40 0.02 -18.4% 1346  Ronan Source (RB) 
 376010097 5 4 1989 1095 23 850 5 96 74 41 7 1.4 76 1200 6.80 0.02 -15.6% 1383  Ronan Source (RB) 
 376010097 23 8 1989 661 19 490 4 53 56 34 6 0.9 79 900 6.80 0.01 -8.6% 797  Ronan Source (RB) 
        
Bolton  11 11 1978 1853 94 1300 6 150 110 190 3 12 50 2200 6.50 0.03 -4.7% 2401  Bolton 
        
Boon Spa  8 12 1988 1316 18 1040 3 74 47 130 4 8.2 12 1400 6.30 0.02 -17.4% 2116  Boon Spa MS 61(62?) 
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Cottonwood Valley  3 8 1988 497 100 240 11.07 65 39 46 42 1.8 0.5 49.2 760 8.00 NA   
  5 4 1989 623 140 330 0.531 76 36 65  2.3 0.05 69.6 900 8.00 NA   
 316610003 3 9 1982 25.5 28.5 22.0 1228 337 494 25 19 61 275 11 6 1730 7.60 633   
 316610004 7 6 1982 39.5 47.0 24.0 639 307 82 26 1 18 35 158 7 11 5 1150 7.90 NA   
 376015018 5 4 1988 900 140 330 6 36 65 43 2 70 900 8.00 0.01 -11.2% NA  Cottonwood Valley (RB) 
 376015018 4 8 1988 608 140 317 9 35 61 44 2 0.1 65 890 7.70 0.01 -11.9% 398  Cottonwood Valley (RB) 
 376015018 24 8 1988 860 120 300 11 35 60 45 2 0.1 60 860 7.70 0.01 -7.6% 377  Cottonwood Valley (RB) 
 376015018 3 8 1989 497 100 240 28 39 46 42 2 0.5 49 760 8.00 0.01 -6.1% NA  Cottonwood Valley (RB) 
 376015018 23 8 1989 598 130 320 6 35 62 43 2 0.1 65 880 7.90 0.01 -10.2% NA  Cottonwood Valley (RB) 
Cottonwood Valley - 
Sandglen Bore north of 
MS 69; on Ballan-
Daylesford Rd 
293010010 9 9 1982 64.0 65.0 1941 27 1440 2 80 98 267 12 14 1890 7.56 0.03 -5.5% 1863  Geological Survey DS 
 293010010 17 5 1985 1678 37 1280 2 66 74 210 9 1.8 14 1900 6.39 0.03 -12.3% 2490 RB Sand Glen Source 
 293010010 11 11 1987 1217 49 880 8 74 50 150 6 2 13 1400 6.50 0.02 -9.1% 1625 RB Sand Glen Source 
 293010010 17 2 1988 1300 48 925 8 79 60 180 6 2.2 14 1400 6.60 0.02 -3.8% 1634 RB Sand Glen Source 
 293010010 1 8 1988 1339 48 975 5 79 55 170 7 0.2 13 1500 6.34 0.02 -8.6% 1944 RB Sand Glen Source 
 293010010 8 12 1988 1719 37 1340 5 91 59 180 7 2.7 14 1800 6.60 0.02 -18.4% 2367 RB Sand Glen Source 
 293010010 26 5 1989 0.5 82 69 290 10 4.6 13 2000   NA RB Spargo Creek (RB) 
        
Deep Spring - 
Commercial Source MS 
38 
 23 8 1989 956 32 710 3 73 63 71 4 6.4 86 1100 6.10 0.02 -10.4% 1607  Deep Spring MS 38 
  5 4 1976 1141 33 850 3 93 78 79 5 6.4 98 1230 5.88 0.02 -9.6% 2188 RB Deep Spring MS 38 
  17 1 1978 1130 30 767 200 75 78 5 1 95 1125 7.41 0.02 8.4% 1029 Laing, C.  
  22 5 1984 1133 31 850 2 90 75 82 5 4.9 96 1300 5.87 0.02 -10.3% 2202 RB Deep Spring MS 38 
  6 10 1987 1088 31 829 3 78 67 76 4 6.8 79 1200 5.90 0.02 -13.7% 2109 RB Deep Spring MS 38 
  24 8 1988 1067 34 830 4 71 59 70 3 5.9 80 1200 5.67 0.02 -19.2% 2442 RB Deep Spring MS 38 
  8 12 1988 1119 31 870 3 74 62 74 4 5 83 1300 6.30 0.02 -18.7% 1770 RB Deep Spring MS 38 
  17 2 1989 1084 32 800 3 81 82 82 4 0.8 94 1200 6.20 0.02 -7.8% 1715 RB Deep Spring MS 38 
  5 4 1989 1078 34 830 4 75 60 72 4 8 82 1100 6.20 0.02 -17.4% 1779 RB Deep Spring MS 38 
Deep Spring - Egan  5 9 1984 978 160 550 96 64 96 3.6 0.9 2.28 1300 6.15 1211   
  24 8 1988 638 100 360 4.6 49 42 70 2.5 4.9 42 900 6.18 780   
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  5 4 1989 953 120 610 11 72 58 82 3.3 3.8 51.6 1200 6.40 1181   
  23 8 1989 748 110 440 11 60 49 75 3 6.7 52 1000 6.50 0.01 -6.9% 813  bores,Eganstown 
        
Filadale Source - 
Bullarto Mineral Spring 
MS 59  
226210019 29 9 1983 43 11 18 1 1 2 9 1 12 14 71 5.90 46  Filadale Source - test bores 
 226210020 8 10 1983 87 14 51 1 4 4 12 1 26 11 120 5.90 130  Filadale Source - test bores 
 Filadale 226210021 14 10 1986 496 10 378 0 3 35 39 30 1 47 590 5.60 1166   
 226210021 14 10 1986 491 11 378 0 4 33 36 29 0 1.1 47 600 5.70 1091   
 226210021 11 11 1987 470 12 355 4 34 38 29 1 1.5 47 580 5.70 1024   
 226210021 17 2 1988 442 12 330 4 31 37 29 0 0.5 43 560 5.50 1090   
 226210021 1 8 1988 383 11 290 3 26 28 25 4.6 37 510 5.46 0.01 -10.5% 985  Filadale Source 
 226210021 17 5 1984 657 14 500 0 4 52 52 38 1 1.6 54 800 5.73 1415   
Filadale Source - 
Bullarto Mineral Spring 
MS 59  
226210021 17 5 1984 657 14 500 1 52 52 38 1 16 54 510 5.73 0.01 -5.7% 1415 RB Filadale Source  
 226210021 12 2 1985 34.0 35.0 14.0 431 20 304 3 26 32 35 10 2.8 33 500 8.20 NA   
 226210021 12 2 1985 48.0 50.0 18.0 674 17 463 5 53 45 50 39 2 44 820 6.30 942   
 226210021 14 10 1986 496 10 378 3 35 39 30 1 47 510 5.60 0.01 -10.2% 1166 RB Filadale Source  
 226210021 14 10 1986 491 11 378 4 33 36 29 11 47 510 5.70 0.01 -10.7% 1091 RB Filadale Source  
 226210021 11 11 1987 470 12 355 4 34 36 29 1 15 47 510 5.70 0.01 -6.5% 1024 RB Filadale Source  
 226210021 17 2 1988 442 12 330 3 31 37 29 0.5 43 510 5.50 0.01 -7.7% 1090 RB Filadale Source  
 226210021 1 8 1988 383 11 290 3 26 28 25 4.6 37 510 5.46 0.01 -10.5% 985 RB Filadale Source  
        
 Good Aussie  21 9 1988 640 110 320 10 39 63 200 7 14 73 890 7.20 0.02 24.6% 455  Good Aussie 
Good Aussie (Down 
Under Company) source 
- Bullarto Spring MS 59  
226210030 21 9 1988 640 110 320 10 39 63 200 7 14 73 890 7.20 0.02 24.6% 455 RB Good Aussie 
 226210030 11 11 1988 35.0 50.0 2.0 135 19 76 4 5 8 20 3 7.1 46 200 7.60 97   
 226210030 15 11 1988 40.0 50.0 15.0 911 480 134 2 56 76 160 3 3.6 105 1700 8.10 NA   
 226210031 11 11 1988 35.0 50.0 2.0 135 19 76 4 5 8 20 3 7.1 46 200 7.60 97   
 226210031 15 11 1988 40.0 50.0 15.0 911 480 134 2 56 76 160 3 3.6 105 1700 8.10 NA   
        
Hepburn Spa - Source 
post 1985 - Sailors Flat 
(MS 46) 
 15 11 1985 419 49 240 26 46 29 28 1 12 12 620 6.00 0.01 -1.4% 575 RB Hepburn Spa Source 
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  6 10 1987 300 34 134 65 19 24 23 1 30 14 460 5.60 0.01 0.1% 413 RB Hepburn Spa Source 
  17 2 1988 289 37 158 26 18 25 25 0.4 4.7 13 430 5.60 0.01 -4.5% 487 RB Hepburn Spa Source 
  11 8 1988 256 31 134 27 18 22 23 1 39 12 390 5.60 0.00 11.9% 413 RB Hepburn Spa Source 
  8 12 1988 239 28 75 76 18 22 20 1 35 14 410 5.50 0.00 9.3% 248 RB Hepburn Spa Source 
  5 4 1989 259 35 130 35 17 21 21 1 50 14 390 5.60 0.00 10.4% 401 RB Hepburn Spa Source 
        
Kyneton Mineral Water 
Source - (Bottling Bore) 
297908007 24 3 1980 1925 76 1342 4 99 150 156 6 5 92 7.45 0.03 -8.1% 1782 Laing, C. MS10B Bottling bore 
 297908007 22 5 1984 1888 78 1340 3 86 140 240 4 9.4 110 2100 5.86 0.03 -3.0% 3493 RB Kyneton 10B Pump  
 297908007 6 10 1987 1777 75 1340 5 93 130 130 4 8.5 100 2000 6.00 0.03 -14.6% 3211 RB Kyneton 10B Pump  
 297908007 17 2 1988 1808 78 1340 6 92 140 150 2 4.2 98 2000 6.10 0.03 -11.5% 3033 RB Kyneton 10B Pump 
 297908007 1 8 1988 1587 73 1220 5 77 99 110 3 3.6 85 1900 6.04 0.03 -21.0% 2857 RB Kyneton 10B Pump 
 297908007 8 12 1988 1722 76 1340 6 79 98 120 3 7.4 84 2000 6.40 0.03 -23.4% 2594 RB Kyneton 10B Pump 
 297908007 5 4 1989 1709 77 1340 6 77 96 110 3 10 84 2000 6.30 0.03 -25.2% RB Kyneton 10B Pump 
 297908007 23 8 1989 1587 72 1160 5 76 130 140 4 7.9 90 2000 6.30 0.03 -8.7% 2360 RB Kyneton 10B Pump 
 297908007 1 12 1991 1540 57 1120 109 83 90 6 75 0.02 NA  MS10B Kyneton Commercial MW 
        
Wheatsheaf source near 
Gooches MS 32 
267810026 22 5 1985 875 19 645 1 46 32 130 3 4.2 53 1000 6.35 0.01 -7.1% 1280 RB Wheatsheaf Source 
 267810026 11 11 1987 950 18 710 2 63 35 120 2 2 48 1000 6.40 0.01 -9.3% 1375 RB Wheatsheaf Source 
 267810026 17 2 1988 850 17 620 2 57 34 120 2 2.3 48 930 6.40 0.01 -4.5% 1200 RB Wheatsheaf Source 
 267810026 1 8 1988 901 16 668 2 58 33 110 2 3.1 46 1000 6.32 0.01 -9.8% 1345 RB Wheatsheaf Source 
 267810026 8 12 1988 894 18 670 2 59 33 110 2 1.7 48 1000 6.60 0.01 -10.3% 1184 RB Wheatsheaf Source 
 267810026 5 4 1989 924 20 695 2 61 34 110 2 22 49 1000 6.50 0.01 -8.4% 1284 RB Wheatsheaf Source 
 267810026 23 8 1989 909 18 680 2 63 35 110 2 1.2 47 1000 6.50 0.01 -9.4% 1256 RB Wheatsheaf Source 
 
Otway Basin Deep Groundwaters 
 
Mepunga Aquifer, Johns 
1971, p.367 
Yalimba 
no. 1 
   192.9 2416 1223 9 265 97 120 130 570 118.3 7.50 0.05 -5.0% 348   
Timboon Sand Aquifer, 
Johns 1971, p.367 
Port 
Campbell 
No. 1 
   1360.
3
1364.
0
4590 1160 184 1694 19 22 3 1510 8.80 0.06 0.8% NA   
Dartmoor Sand Aquifer, 
Johns 1971, p.367 
Glenelg 
No. 1 
   708.1 1330 306 38 544 3 5 4 420 14.64 8.50 0.02 -0.3% NA   
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Waarre Sandstone 
Aquifer, Johns 1971, 
p.367 
Port 
Campbell 
No. 3 
   1404.
5
1408.
2
1720
9
9986 10 496 238 506 115 5980 8.30 0.31 -1.8% NA   
Narrawaturk Marl, Blake 
1980 
Panmure 2    587.7 648.9 50.9 7065 2337 2107 326 5 128 187 1966 135 10 7.80 NA   
Mepunga - Dilwyn 
Formation, Blake 1980  
Wangoom 
2 
   588.6 922.9 6.1 4470 1250 1622 166 149 67 1203 12 8.20 NA   
Dilwyn Formation, Blake 
1980  
Mepunga 7    672.7 763.8 8.5 5198 1791 1568 210 226 213 1190 7.50 NA   
Mepunga Formation, 
Blake 1980 
Carpendeit 
1 
   325.8 349.9 90.8 7210 3824 903 222 269 122 2385 7.90 NA   
Otway Group Eumeralla 
No. 1 
   1774.
5
1839.
2
1916
6
1117
0
366 487 3110 13 4000 17.08 7.90 0.41 -8.1% NA   
 
Gippsland Basin Deep Groundwaters 
 
 Denison 10139 30 9 1985 8.4 10.4 3.4 2993 850 926 106 77 32 100 890 11 5.9 15 4200 8.00 0.05 5.0% NA  Gippsland 
 Metung 
Geothermal bore 
10000    460.0 480.0 +7.0 2358 900 708 1 18 12 670 29 2.7 18 3800 7.44 -7.7% 942  Gippsland Metung 
 Alberton West 10008 19 1 1973 20.7 22.2 6100 2695 915 298 199 244  7970 7.08 0.08 -60.5% 1349  Gippsland - Yarram 
 Boodyarn 10002 16 1 1973 27.4 34.7 2403 969 962 6 22 119 45  27 4100 7.30 0.03 -66.3% 1328  Gippsland - Yarram 
 Wy-Yung 16 17 7 1975 114.6 116.6 2459 318 77 1305 34 54 61 559 41 25 10 2999 8.40 0.04 -1.2% NA  Gippsland Bainsdale 
 Seacombe South 
1 
8006 5 8 1970 1077.
5
1124.
7
3244 876 56 1204 22 9 1002 36 38 4441 8.80 0.05 -0.5% NA  Gippsland Pet Well 
 Golden Beach 1A 8030 5 8 1967 2733.
5
2735.
0
7000 1445 82 4163 2021 17 7 2982 353 8.40 0.14 -4.9% NA  Gippsland Pet Well 
 Bream 4A 8091 26 11 1981 1400
5
5850 176 1440 100 1130 35 97 4980 140 5 55 2080
0
8.60 0.22 1.9% NA  Gippsland Pet Well 
 
Deep Bedrock Mine Waters from Central Victoria 
 
Ballan, Mine Water   1939 1180 305 520 129 52 83  NA   
Ballarat, Ballarat Gold Limited 
(sampled for A Shugg) 
  1989    NA   
Ballarat, Brown Hill Spring   1910 3054 1803 112 61 72 168 837 0.06 -3.3% NA Mines Dep. 198/1910, LB 4, p305 
Ballarat, Fredrick the Great Mine - 
Sebastian  
  1938 1292
2
6653 791 1028 342 669 3438 NA Watson Annual Laboratory Reports 1938 
Ballarat, Sovereign Hill   1986 700.0 2600 560 647 620 110 240 330 46 28 25 3600 6.80 0.05 -3.5% 1053  GSV Cu=0.09,Zn=0.46,As=5.0 
Ballarat, Sovereign Hill, Barkley 
Street, BDD - 2 
  1986 730.0 2600 630 622 610 140 230 310 87 22 3800 6.80 0.05 -5.3% 1012  GSV As=0.393 (BDD - 2) 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
Ballarat, Sovereign Hill, Barkley 
Street, BDD - 3 
  1986 700.0 3100 730 840 690 150 310 380 9 23 4300 7.10 0.06 -6.1% 1231  GSV As=0.544 (BDD - 3) 
Bendigo, Garden Gully Workings   1987 5200 2200 1770 50 90 270 1450 35 NA Forbes and 
Showers 
Mine Water from pump outs WMC 
see Forbes and Showers #rd Int 
Mine Water Conf Melb Aust 1988. 
Bendigo, Lazarus Corp Mine   1905 1053.
7
2105 1043 289 56 39 675 3 0.04 -1.5% NA Mines Dep. Bendigo Mine 268/1905 
Bendigo, Mine Waters   1987 4760 2530 640 930 92 210 1390 55 NA Forbes and 
Showers 
Mine Water from pump outs WMC 
see Forbes and Showers #rd Int 
Mine Water Conf Melb Aust 1988. 
Bendigo, New Chum Railway Mine   1906 1293.
0
1229 659 92 15 9 426 1 27 0.02 -1.4% NA Mines Dep. Bendigo Mine 323/1906 
Bendigo, New Chum Workings   1987 7000 2150 2500 900 260 520 1260 40 NA Forbes and 
Showers 
Mine Water from pump outs WMC 
see Forbes and Showers #rd Int 
Mine Water Conf Melb Aust 1988. 
Bendigo, Victoria Quartz Mine   1906 1304.
5
1695 789 215 51 49 13 551 2 26 0.03 -0.3% NA Mines Dep. Bendigo Mine 348/1906 
Castlemaine - Chewton, Wattle Gully 
200' 
  1938 61.0 2268 668 912 49 26 181 432 NA  ALR 1938 
Castlemaine - Chewton, Wattle Gully 
800' 
  1938 243.8 1405 348 435 227 64 106 225 NA   
Castlemaine - Chewton, Wattle Gully 
Extended 
  1938 2220 649 673 242 98 138 420 NA  ALR 1938 
Castlemaine - Chewton, White Horse   1938 2033 559 576 304 99 132 362 NA  ALR 1938 
Castlemaine, Eureka Mine   1938 2215 723 573 245 72 134 468 NA  ALR 1938, Castlemaine 
Fryerstown 
Castlemaine, North Wattle Gulley 
Mine 
  1938 1886 503 475 363 61 142 342 NA  ALR 1938 
Clunes, Berry's Deep Lead, Birch's 
Creek. 
  1937 2840 1477  NA  ALR 1937 
Diamond Creek, Mine Water    1909 5584 2986 205 428 244 271 1421 12 17 0.11 -4.2% NA Mines Dep. 282/1909, LB 4, p59 
Maldon Mine Water - location 
uncertain, E A Rewell 
14 10 1938 3093 1065 789 255 98 125 761 NA Watson Annual Laboratory Reports 1938 
Maldon, Beehive Mine   1867 1982 936 266 52 210 620 30 0.03 -2.1% NA Newbery Eaglehawk mine 
Maldon, Bells Reef   1867 1991 742 250 180 45 65 694 5.6 38 0.03 -10.1% NA Newbery Beehive mine, 
Rathscar, White Hope Mine   1930 2255 854 673 36 35 179 449 29.8 0.04 NA Watson Annual Laboratory Reports 1931 
Toobon Gold Mine    1937 404 120 128 88 40 28  NA   
Trentham, Alma Reef    1930 234 18 131 10 20 12 42.7 0.00 NA Watson Annual Laboratory Reports 1930 
Woods Point, Sir John Franklin Gold 
Mine 
1 12 1940 370 10 240 40 50 30  NA   
 
Commercial Bottled Waters From Victoria 
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MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
Depth 
To 
SWL TDS Cl CO3 HCO
3 
NO3 SO4 Ca Mg Na K Fet SiO3 EC pH Ionic 
strengt
h 
ion 
balance by 
activity  
TIC as 
H2CO
3
Analyst or 
Sender 
Site information 
Bisleri 
Kyneton, and others 
5 4 1990 804 19 620 0 5 37 27 96 0 0 41 970 5.60 0.01 -18% 2290 Bottled Water Analyses (after Bannister 1992) 
Deep Spring 13 4 1984 809 130 460 0 11 37 48 123 4 0 1200 5.15 0.01 -4% 4800 Bottled Water Analyses (after Bannister 1992) 
Deep Spring 5 4 1990 1002 48 720 0 6 78 59 90 1 0 60 1200 5.50 0.02 -10% 2660 Bottled Water Analyses (after Bannister 1992) 
Deep Spring Mineral Water 16 1 2003 950 44 760 1 7 49 33 54 3 <0.05 52 1300 5.80 0.01 -35% Water EcoScience 
Farmland  5 4 1990 1655 79 1220 0 7 86 130 130 3 0 95 1900 5.80 0.03 -12% 2850 Bottled Water Analyses (after Bannister 1992) 
Farmland  5 4 1990 1707 610 745 80 7 35 110 120 2 83 1800 6.20 0.02 -50% 690 Bottled Water Analyses (after Bannister 1992) 
Farmland Natural 
Mineral Water 
Tap water ! 16 1 2003 47 26 <1 2 5 <0.5 1 9 <0.50 <0.05 4 4.10 Water EcoScience 
Hepburn Spa Muirs 13 4 1984 250 15 0 338 29 88 125 2 3 1500 4.20   1390 Bottled Water Analyses (after Bannister 1992) 
Hepburn Spa Muirs 5 4 1990 473 120 230 1 10 28 47 38 0 0 52 810 5.20 0.01 -11% 2140 Bottled Water Analyses (after Bannister 1992) 
Home Brand Filidale ? 5 4 1990 431 90 185 0 47 32 37 34 6 0 61 740 5.10 0.01 -11% 2160 Bottled Water Analyses (after Bannister 1992) 
Ioli Mineral Water  16 1 2003 270 5 210 6 10 30 9 4 <0.50 <0.05 12 450 5.30 Water EcoScience 
Kyneton Mineral Water Kyneton MS 16 1 2003 1600 74 1300 1 6 63 71 100 3 0 70 2000 5.90 0.02 -34% Water EcoScience 
Mt Franklin Murphies 13 4 1984 2670 580 1340 0 24 7 161 548 10 0 3700 5.55 0.04 -5% 5560 Bottled Water Analyses (after Bannister 1992) 
Mt Franklin 
Mystery source - no longer from 
Murphies !!! - uses name only 
5 4 1990 970 35 720 0 4 70 56 82 2 0 72 1200 5.60 0.02 -13% 2660 Bottled Water Analyses (after Bannister 1992) 
Mt Franklin Mineral 
Water 
Tap water ! 16 1 2003 NR 18 <1 10 6 <0.5 1 6 <0.50 0 4 4.00 Water EcoScience 
Safeway  13 4 1984 754 12 550 0 7 19 32 130 4 0 920 5.30 0.01 -3% 4060 Bottled Water Analyses (after Bannister 1992) 
Saving Brand  5 4 1990 1559 78 1150 1 7 54 130 140 3 0 96 1800 5.80 0.03 -12% 2680 Bottled Water Analyses (after Bannister 1992) 
Schweppes Muirs 5 4 1990 480 130 220 0 9 29 49 43 0 0 48 830 5.20 0.01 -9% 2040 Bottled Water Analyses (after Bannister 1992) 
Schweppes Mineral 
Water 
 16 1 2003 470 140 250 2 7 20 27 28 <0.50 <0.05 37 920 5.30 Water EcoScience 
Torquay Mineral Water  16 1 2003 300 51 190 8 9 11 14 19 8 <0.05 33 560 5.30 0.00 -34% Water EcoScience 
Waterfords  5 4 1990 703 83 440 0 4 110 21 43 3 0 9 960 5.40 0.01 -8% 2580 Bottled Water Analyses (after Bannister 1992) 
Waterfords Mineral 
Water 
Tap water ! 16 1 2003 47 26 <1 2 6 <0.5 <0.5 9 <0.50 <0.05 4 4.10 Water EcoScience 
 
Commercial Data Australia 
 
Ballimore, NSW Fresh 1   1998 442 39 275 10 28 27 44 4 0.01 -5% 942   
Ballimore, NSW Fresh 2   1998 339 117 79 10 4 7 83 16 0.01 -1% 273   
Ballimore, NSW Saline    1998 7914 3873 616 740 192 411 2042 8 0.15 -5% 1029   
Ballimore, NSW Soda 1    1998 8360 298 5832 48 49 2075 47 0.10 -4% 7279   
 Shugg 2004; Appendix 06.01 Victorian Mineral Water Analyses 53
MS Spring Name DITRNo dd mm yyyy Depth 
Fr 
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3 
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TIC as 
H2CO
3
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Ballimore, NSW Soda 2    1998 5208 53 3758 72 44 1180 94 0.07 -3% 6671   
Ballimore, NSW Soda 3    1998 4881 57 3520 104 56 1056 78 0.06 -3% 6783   
Ballimore, NSW Soda 4    1998 4091 50 2873 19 72 46 934 86 0.05 0% 3100   
Ballimore, NSW Soda 5   1998 3418 156 2312 120 66 665 86 0.05 -3% 6219   
Lithgow Valley - NSW 
http://www.heartland.com.au/lithgowv
alleysprings/quality.htm 
  2001 16 4 < 6 3 0 1 2 1 0   
Helidon Spa, Queensland 
Helidon Spa, Toowoomba SW of 
Brisbane in the GAB 
1 1 1990 3194 43 1850 3 42 13 1333 21 4 0.05 32%   
Hartz Mineral Water Tasmania 
Huon Region - 
http://www.hartz.com.au 
  2001 400 70 260 2 28 86 9 35 0 24 6.00   
King Island, Tasmania 
King Island; Cloud Juice 
  2003    
Tasmanian Highland Spring 
Internet - 
http://www.tassie.net.au/~sblacker/ 
  2001 135 11 <0.1 2 13 9 10 0 0 48 6.70 Internet  
 
Overseas Mineral Waters - Brand Labels and Spring Sources Miscellaneous 
 
Contrex  -  Contrexville, Vosges 
France 
  2001 2032 7 225 2 1192 467 84 7 4   
Evian  -  Haute Savoie, France; 
http://www.evian.com/home_java.html
12 9 1984 400 2 290 1 11 64 26 6 1 8 550 7.30 0.01 -1% 20 Bottled Water Analyses (after Bannister 1992) 
Evian  -   5 4 1990 510 5 365 1 13 78 24 7 0 17 570 7.30 0.01 -9% 30 Bottled Water Analyses (after Bannister 1992) 
Evian  -     2001 496 2 357 4 10 78 23 6 1 16 7.20   
Perrier  -  Vergése, France - 
http://www.perrier.com 
12 9 1984 505 280 66 140 4 15 0 780 5.13 0.01 9% 3060 Bottled Water Analyses (after Bannister 1992) 
Perrier  -   5 4 1990 578 34 355 5 41 130 3 15 0 12 810 5.30 0.01 -9% 2620 Bottled Water Analyses (after Bannister 1992) 
Perrier  -     2001 475 26 400 18 49 139 4 15 1 5.46   
Perrier  -  Perrier Mineral Water from 
melbourne supermarket 
16 1 2003 500 23 360 7 20 84 1 6 <0.50 7 780 5.50 Water EcoScience 
Vittel  -  Vittel, Vosges, France 12 9 1984 802 8 300 2 280 170 39 4 2 1100 7.50 0.02 -3% 10 Bottled Water Analyses (after Bannister 1992) 
Vittel  -     2001 841 402 306 202 36 4 7.50   
Volvic  -  Clairvic Spring, Volvic, Puy 
de Dôme France 
5 4 1990 116 9 67 1 7 11 7 10 5 37 170 7.30 0.00 -10% <10 Bottled Water Analyses (after Bannister 1992) 
Volvic  -     2001 109 8 258 6 7 10 6 9 6 36 7.00   
Apollinaris  -  Ahrweiler, Germany - 
http://www.apollinaris.de/ 
  2001 2550 100 1810 80 100 130 410 20   
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Gerolsteiner Sprudel  -  Germany - 
http://www.gerolsteiner.com/ 
  2001 2527 40 1817 5 36 347 108 119 11 40   
Indonesia  -  Iceberg Mineral Water - 
Mount Bromo Spring 
  2003 300 3 120 10 30 24 29 7.60 Chia Khim Lee Marketing, Singapore 
Italy  -  Clavia - Aqua Minerale 
Naturale 
  1981 895 59 561 5 49 96 30 66 88 128 5.80 0.02 -8% Camilla Melchiorri 
Italy  -  Egeria - Acqua Minerale 
Naturale 
  1983 774 32 500 26 25 95 22 49 58 104 0.01 -9% Salvatore Ugo D'Arca 
Italy  -  Panna - Sorgente Panna 
S.P.A. - Firenze 
  1983 157 9 95 2 18 29 6 6 1 8 202 7.65 0.00 -5% Giuseppe Modi 
Italy  -  Ferrarelle - Aqua minerale 
effervescente naturale 
  1984 2090 21 1549 0 4 429 15 51 43 96 1750 5.80 0.04 -11% Bruno Angelillo 
San Pellegrino  -  San Pellegrino 
Terme, Italy - 
http://www.sanpellegrino.it/ 
  2001 1109 74 136 0 549 208 56 44 3 11 7.70 Internet 
New Zealand  -  Piripiri Thermal 
Spring NZ 
  1907 1863 1054 45 19 8 9 683 4 41 0.03 -1%   
Virgin Kiwi  -  South Island spring 
water 
  2001 99 14 70 1 12 2 7 1 7.90   
Scotland  -  Highland Spring   2003 200 8 136 <0.1 6 35 9 6 1 7.80   
Carlsbad  -  Carlsbad, California   2001 2000    
Carlsbad  -  Carlsbad, California   2001 5000    
Poland Springs  -  Maine USA -  
http://www.polandspring.com/ 
  2001 37 2 397 5 4 1 2 1 2 6.50   
Saratoga  -  Saratoga NY - Sulphur 
Spring  
  1817 1371 244 718 226 168 0.02 -5%   
Saratoga  -  Saratoga NY - 
Washington Spring  
  1817 7786 2388 2802 869 12 1667 0.14 -4%   
Saratoga  -  Saratoga NY - Ballston 
Spring  
  1828 5542 1966 1864 338 248 1125 0.10 -5%   
Saratoga  -  Saratoga NY - Albany 
Well 
  1828 1035
9
4926 1751 297 158 3161 0.18 -3%   
Saratoga  -  Saratoga NY - High Rock 
Spring 
  1829 6407 1957 2419 472 200 1359 0.12 -3%   
Vietnam  -  Nuoc Khaing Binh Ca - 
Tuyen Quang 
  1990 2194 21 1542 310 105 0.03 -20% Tuyen Quang 
Vietnam  -  Nuoc Khoang Vinh Hao - 
Thuan Hai 
  1990 2344 20 2584 37 455 39 18 0.03 -32% Thuan Hai 
Vietnam  -  Vipural - mineral water 
from  Thanh Tan 
  2002 370 21 110 156 60 11 39 30 7.50 0.01 -7% Vipural Nuoc Khoang  
Vietnam  -  Tha Vi   2002 167 80 1 8 4 30 3 0.00 22% Tha vi drinking water 
Vietnam  -  La Vie natural mineral 
water, www.laviewater.com 
  2002 346 251 <1.0 23 8 60 4 7.60 #VALU
E! 
#VALUE! La Vie Nuoc Khoang Thien Nhien 
Vietnam  -  Vikoda natural mineral 
water - Danh Thanh source 
  2002 223 14 134 3 4 0 82 98 0.00 0% Vikoda Nuoc Khoang Thien Nhien 
Refer to Data MW Analyses A Shugg v056.xls 
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3.1 Carbonate Equilibria - Volatile Chemistry 
 
The determination of carbonate equilibria is difficult in many analyses, because neither the total 
inorganic carbon nor the pH are known. Attempts have been made on the basis of ion balance and 
assumed pH, but these computed waters are not presented here. To obtain an accurate indication of 
the composition of a mineral water sample preservation and insitu measurement of pH is important.  
In the ascending mineral waters of the spring eyes the pH has not equilibrated with atmospheric 
conditions.  Insitu (field) measurements indicate that the mineral water pH is slightly acidic and it is 
expected in the range 5.7-6.6 with a median value around 6.3. This pH on the Bjerrum diagram 
suggests that the CO2 present in the water is equally distributed in the forms H2CO3 and HCO3-. An 
upward shift in pH will result in a increase in the negative bicarbonate ion activity.  Usually however 
the upward movement in pH will be accompanied by a reduction in overall CO2 content of the 
solution to maintain the activity balance.  In some of the recorded mineral analyses the pH has been 
determined in the laboratory hours or days after the sample was taken. If the pH has equilibrated with 
the atmospheric carbon dioxide partial pressure, or the water has stood for some time the pH may rise 
to 7.8-8.6.  This is accompanied by a loss from the solution of substantial amounts of iron, calcium, 
silica and carbon dioxide.  The waters are very volatile with an Eh of +50 to +80 mv and dissolved 
oxygen may present at around 0.25 mg/L or be absent. The waters are effervescent and degas quite 
rapidly. Examination of analyses of waters that have gone off at Hepburn suggest that as much as 
1500 mg/L CO2 can be lost in this process.  For mineral water samples collected across Central 
Victoria the change with pH in carbon dioxide speciation and level of TIC is depicted in Figure 1.  
 
Carbon Speciation from Analyses of
Mineral Spring Waters Central Victoria
including degassed samples.
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Figure 1. Degassing induced variation in the Total Inorganic Carbon with pH recorded 
in analyses. 
 
Two clusters of analyses are observed, being the representative and the degassed.  An apparent loss of 
TIC of around 740 mg/L TIC is observed with a rise of one pH unit.  The Bjerrum relationship of 
change in the form of carbon dioxide in the water varying with the pH is evident on Figure 1. 
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The most comprehensive group of samples and analyses from the springs was collected by Laing 
during the period 1978-1980. Laing sampled many springs which had no previous water quality data 
recorded, and he updated the water quality information on mineral springs with historical data. 
Schaefer and Kecskemeti (1981) collected and analysed a substantial suite of spring waters from the 
Daylesford area. They selected 27 springs which were sampled between 10-23 times over a 2 year 
period from 1973-1974; a series of two wet years. Their statistical average is included in this 
compilation of analyses.  The chemists Schaefer and Kecskemeti (1981) drew attention to the relative 
constancy of the mineral water composition during a two year sample period.  An observation not 
always reflected in data from either longer time or shorter periods. The sample collection program 
was comprehensive and more significantly Schaefer and Kecskemeti (1981) experimented with 
solution tests simulating rock-soil water regimes that the recharge waters might encounter.  In these 
tests they were able to demonstrate that a water of similar composition to the mineral waters could be 
produced in the laboratory by the reaction of soil water and local rock material.  In this they 
reaffirmed the rock water reaction observations made by Cosmo Newbery (1867).  The Mineral 
Spring Advisory Committee and the Victorian Mineral Water Committee have arranged the analysis 
of many of the springs between 1989 and 2003 and conducted routine bacterial analyses.  The pattern 
of bacterial contamination suggests great care should be taken in the interpretation of the chemical 
record. 
 
Hydrogeological relationships such as a spring flow variation, geological setting and the hysteresis 
effects of seasonal response were not explored.  
 
From the examination of the historical mineral water analyses it is reasonable to suggest that many of 
the mineral spring waters have changed significantly with time, this reflects a dynamic process, while 
some springs appear to have remained more resilient to change.  Water quality may fluctuate within 
certain bounds that may have a periodicity varying from diurnal to seasonal to secular. 
 
Sometimes composition changes rapidly over a short period of time this is the case when stress on the 
aquifer influences the water chemistry.  The impacts of aquifer stress have been illustrated by the 
mine dewatering activities and more recently by the commercial extraction from Sailors Flat mineral 
spring which in time substantially reduced the salinity and carbon dioxide content of the spring 
waters. 
 
The composition of the mineral waters can be affected by activities in the vicinity immediate 
proximity and deeper in the catchment.  For instance in the Central Springs Reserve a gradual 
freshening of mineral water has followed in some springs after the construction of Lake Daylesford 
on Wombat Creek above the springs in 1929.  Wide fluctuations in mineral water composition in the 
Hepburn Mineral Springs were observed at times between 1870-1914 when the reef mines were 
dewatering the reserve (see Skeats, 1914).  The springs water quality at that period was volatile.  The 
catchment was at the time recovering from the deforestation associated with the mine timber and fuel 
collection.  
 
Mineral water circulation in the Ordovician bedrock aquifer is not a closed system.  In the discharge 
zone mixing and pollution of spring eyes by ambient waters has resulted.  This has meant the closure 
of springs to the public (Lawrence, 1965).  There is clear evidence that the mixing with ambient 
waters in the discharge zone is a dynamic process.  The drawing in of fresh water from an adjacent 
surface stream, or a superficial aquifer was highlighted at Tipperary Point Mineral Spring bore 
(Wombat 10043).  The bore was located on the inside of a stream meander.  The bore would 
seasonally produce fresh water, depending on the stage of the adjacent stream Sailors Creek and the 
water level in the bore. 
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3.2 Short Term Water Quality Changes 
 
Water quality changes have been observed during pumping tests conducted in the mineral spring 
reserves.  This is of particular interest when examining the dynamics of spring flows in the reserves.  
During tests conducted on mineral water investigation bores constructed in the springs reserves 
variations in water quality were observed during the pumping tests (Thompson 1966, Lawrence 1971, 
Shugg, 1991).  Szabo (1973-1976) for the Geological Survey took a number of samples closely 
spaced, in time, samples during pumping tests on bores near mineral springs at; Hepburn (MS 27), 
Lithia (MS 16) and Sutton (MS 41) springs.   
 
3.3 Trace Metals 
 
The existence of elevated concentrations of arsenic in the bedrock waters of Central Victoria was 
recognised to be associated with the geochemical provinces associated with bedrock mineralisation 
Shugg (1989).  These occurrences are usually associated with high sulphate waters in the bedrock.  
By contrast the low sulphate - high bicarbonate facies of the mineral waters is not conducive to high 
solubility of the arsenic in the mineral waters.  
 
The ascent of the mineral waters through carbonaceous and graphitic black shales may explain the 
reduced nature of mineral waters and the low sulphate concentrations 53 mg/L (av.).  The trace metal 
concentrations in the mineral waters were examined by Curtis (1985) and Bannister (1992) and by the 
Victorian Mineral Water Committee (WaterEcoscience, 2003).  With the exception of iron (ferrous) 
the metals are usually present just above the limits of detection or in the case of arsenic, chromium, 
iron, lead, manganese and zinc at concentrations that will generally satisfy potable drinking water 
criteria. 
 
3.4 Gas Analyses  
 
Extant gas analyses only exist from a small number of mineral springs.  Early analyses may exist for 
many of the bottling springs such as Leitches Creek, Deep Creek, and the Ballan mineral springs, but 
none of these appear in publications or are accessible to the public record.  The Daylesford spa gases 
were noted to be radioactive (Mr. James Mac Donald manager of Hepburn Spa Ltd and confirmed 
by Sir David Mason and G. Ampt in 1919.  The radioactive material was proved to be a radium 
emanation (radon) in extremely small amounts; traces of helium were assumed to be present as one 
of the products of radioactive decay. 
 
3.5 Isotope Studies 
 
In April 1993 (Shugg of DNRE) and in June 1998 (Shugg and Dighton (CSIRO)) collected stable 
isotope data for Oxygen and Deuterium from a number of the springs and the surface waters (Table 
2).  Samples from mineral springs, fresh water springs near the cusp of the Great Dividing Range and 
samples from the principal stream the Loddon River were collected.  More isotope work is being 
carried out by several Universities under grant schemes with the VMWC. 
 
The waters with the exception of the sample from Kyneton fall close to the Melbourne meteoric line 
of δD = 7.5δO + 8.5, while the samples in the Daylesford area have a local trend of δD = 4.38δ18O - 
7.498.  In the Daylesford group the mineral water, Ordovician and basalt aquifer fresh water springs 
and waters from the Loddon River fall on the local trend line.  Though there is limited data variation 
at stations sampled twice suggest that seasonal variations may exceed the influence of elevation. 
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d m yyyy Carbon 
Dioxide 
 % 
Nitrogen 
%  
Comments 
 
Table 1. Gas analyses from the Mineral Springs of Victoria. 
Spring Name Oxygen 
% 
Argon Helium Other 
gases 
Sum Comments 
Argyle    1980 13 68.1 18.9 NCG 100.0 No CH4 or other 
HC’s 
Laing (1980) 
Clifton Springs    1980 91 6.9 2 NCG 99.9 No combustible gas Laing (1980) 
Dropmore MS    1981 97 1.9 1 99.9  Stewart (1981) 
Hepburn Spring I   1926 97.3 2.3 0.27 0.034 99.9  Ampt and Hartung (1926) 
Hepburn Spring II   1926 96.95 2.55 0.46 0.039 0.006 0.045 100.5  Ampt and Hartung (1926) 
Hepburn Bottling Works 
- Pavilion Spring 
4 12 1929 89.2 10.2 0.6 100.0 Nitrogen and others F F Field,  report 27 Feb 1930
Sutton Spring - 5" bore 4 12 1929 88.6 10.6 0.8 100.0 Nitrogen and others F F Field,  report 27 Feb 1930
Deep Spring, Eganstown 4 12 1929 95.7 3.9 6.4 106.0 Nitrogen and others F F Field,  report 27 Feb 1930
Hepburn - Pavilion Air in 
Cellar Pit 
1 6 2002  15 * Combustible gas 6 - 
11 % # # 
Theis Environmental 
confined spaces sniffer, # # 
# # combustible gases registered ranged 6 - 12 % in base of the pit over a 6 week period, April 2002.  Monitoring has revealed that the level 
climbs during the day and falls away at night.  Spring flow has similar diurnal patterns. 
 
Gas analyses are available for the Tertiary aquifers – reservoirs in Gippsland and Otway basins, but 
are not included here. 
 
Table 2. Summary of isotope samples collected for DNRE and VMWC. 
Site MS No. dd mm Yyyy
δ18O o/oo  
        V-
SMOW 
δD o/oo 
       V-
SMOW 
Temp Flow L/s Comments 
Hard Hills 42 2 4 1993 -7.1 -38.9 13.0   
Kyneton 10 2 4 1993 -5.2 -35.9  Boggy Creek Rotunda 
Locarno 27 2 4 1993 -6.8 -37.9 14.0   
Lyonville 53 2 4 1993 -7.0 -38.8 11.0   
Sutton Spring 41 2 4 1993 -7.2 -38.0 13.0   
Vaughan 7F 2 4 1993 -6.5 -38.2  Jim Paull Spring 
Wagga 99 2 4 1993 -7.2 -39.0 13.0   
Fresh Water Spring – New Street 
Daylesford FW 15 6 1998 -6.32 -35.7   
Fresh Water Spring Mine adit 
near Hepburn Reservoir FW 15 6 1998 -6.17 -33.8   
Hard Hills – Central (E pipe) 42 15 6 1998 0.017  
Hard Hills – Central (S pipe) 42 15 6 1998 -6.69 -35.8 11.5 0.026 Insitu Temperature 
Lithia 16 16 6 1998 -7.06 -37.8 11.7 0.029 Insitu Temperature 
Locarno 27 15 6 1998 -6.72 -36 13.7 0.255 Insitu Temperature 
Spargo 68 15 6 1998 -7.05 -38.7 11.0 0.029 Insitu Temperature 
Loddon River – Lyonville LR 2 4 1993 -5.8 -32.5  Loddon River at MS 53 
Loddon River – Vaughan LR 2 4 1993 -4.9 -28.9  Loddon River at MS 7F 
DNRE Department of Natural Resources and Environment, VMWC Victorian Mineral Water Committee. 
 
3.6 Radiometric Analyses 
 
Radiometric analyses from the springs date from the early 1920's when radioactivity was considered 
beneficial and was used as an attraction of the springs.  Analyses were made at Deep Creek (Crystal) 
Spring by Mr. Ampt of Melbourne University and published in David et al. (1927) who reported the 
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occurrence of the decay product Helium in the gas from the spa's at Daylesford.  In 1929 Mr. Watson 
the Government Analyst carried out analyses on a number of springs around Daylesford for 
radioactivity.  Later in 1958 Urquart and Hamilton examined the speciation of the radioactivity in the 
mineral waters, recognising radium and radon.  The radioactivity of the waters from individual sites 
fluctuates over wide ranges, and readings seem difficult to replicate.  At springs such as Leitches 
Creek the radium concentrations appear inversely related to the sulphate concentration, this is 
probably due to the insolubility of radium sulphate.  The seasonal rise and fall of the water levels and 
pressures in the rock mass changes the relative mixing with the ambient groundwaters.  This may 
result in redox changes due to the oxidation of sulphides in rocks such as the black shales may lead to 
minor fluctuations in the sulphate concentrations, and then the radioactivity of the waters. 
 
Table 3. Summary of Radioactivity of the mineral springs of Central Victoria. 
 
 Radium Radon Total Radioactivity 
Statistics Ra 226 mBq/L Ra 228 mBq/L Rn 222 mBq/L Curie x 10-12/L 
Minimum 6 80 9 213
Median 280 430 40.5 402
Maximum 1246 1110 6660 1160
No. 76 15 16 5
 
 
Appendix 06.02 Summary of selected characteristics of the Clay Mineral Groups. 
 
 Kandites (Kaolinite) Illites Smectite (Montmorillonite) Vermiculite 
Structure  1:1 tetrahedral and octahedral 2:1 triphormic 2:1 triphormic 2:1 triphormic 
Basal spacing Ao 7.1 - 10 10 variable ~ 15 variable, 14.4 fully hydrated 
Chemical 
Formula 
Al4SiO10(OH)8 little variation K1.0-1.5Al4(Si,Al)8O20(OH)4 M+0.66(Y+3,Y+2)4-6(Si,Al)8 20(OH)4nH2O, eg.  
O20(OH)48H2O(1/2Ca,Na)0.7(Al,Mg,Fe)4 
[(Si,Al)8O20](OH)4.nH2O 
M+20.66(Y+2,Y+3)6(Si,Al)8 
Interlayer 
cations 
nil K  Ca, Na; Ca two layers; Na one layer Mg, Two layers 
Interlayer water in halloysite in hydromuscovite   
Acids scarcely soluble in dilute acids readily attacked attacked readily attacked 
Paragenesis 
 
 
 
favourable  
conditions 
from acid rocks feldspars  
 
 
 
acid 
from micas, feldspars diagenesis of clay 
minerals and muscovite dominant mineral in 
shales and mudstones 
 
alkaline high Al and K concentrations 
favourable 
basic rocks, volcanic material calcium 
montmorillonite most common 
 
 
alkaline Availability of Mg and Ca, deficiency of 
K 
biotite, volcanic material chlorites, 
hornblende 
 
 
Cation 
Exchange 
10 meq/100 gm, 40 for 
halloysite 
20 meq/100 gm, usually in 10-40 80-150 meq/100 gm  
Ca and Na commonly exchangeable, but also K, 
Ce, Sr, Mg & H common Ca greater than Na, Ca 
more firmly held 
100-260 meq/100 gm greatest of clay 
minerals 
 
Anion Exchange replaceable OH ions    
Colour white, sometimes tinted white, pale colour white, yellow or green Colourless, yellow, green, brown 
members Kaolinite, dickite, nacrite, 
halloysite, metahalloysite 
Illite, hydro-micas,  glauconite, phengite, Montmorillonite, beidellite, nontronite, hectorite, 
saponite  
Vermiculite 
Swelling little  swelling clays, water readily adsorbed between 
structural layers montmorillonite and beidellite are 
principal in bentonite deposits 
 
 
 
 
 
density gm/cm3 2-2.63 2.6-2.9 ~ 2-3 ~2.3 
Heating 110oC 
200oC 
 
 
650oC 
 
some collapse 
 
 
-> meta dickite 
 
no change collapse to 10 Ao 
 
 
10 Ao 
 
exfoliation, shrinkage of layer spacing interlayer 
water lost 
 
9.6-10 Ao noted loss of (OH)  
Unbound water expelled  
 
 
 
collapse to 9 Ao 
(after Deer Howie and Zussman 1965) 
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Appendix 06.03 The Goldich weathering sequence for silicate rocks and 
the Bowen reaction series for the crystallisation of silicate 
melts 
 
 
             
 ↓  Olivine (Mg,Fe)2SiO4    Ca Plagioclase  Ca Al2 Si2O8
 ↓   
increasing   ↓       ↓      
order of  
stability   Augite Ca(Mg,Fe,Al)(Al,Si)2O6     ↓       
crystallisation 
    ↓      
 ↓  Hornblende (CaNa)2(Mg,Fe,Al)5(AlSi)8O22(OH)2    ↓ 
    ↓ 
   Biotite K(MgFe)3(AlSi)3O10(OH)2  Na Plagioclase  NaAlSi3O8
 ↓ 
Increasing    ↓ 
resistance↓          K - Feldspar  KAlSi3O8 
to    ↓     
weathering           Muscovite  KAl2(AlSi3)O10(OH)2 
    ↓     ↓   ↓ 
   Quartz  SiO2  
 ↓   ↓     ↓   ↓ 
            
           ↓     ↓   ↓ 
 ↓     
(higher bonding energies *) 
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Appendix 06.04 Statistics of Bacterial contamination of the Springs 
monitored 1988 – 2000. 
 
The tabulation below shows the occurrence of bacterial contamination.  Much work has been carried 
out since the statistics have been collected.  Many springs have been closed and others have replaced 
with cement grouted bores.  Sources and mechanisms are discussed in the sections on bacterial 
contaminations. 
 
Spring  Number of 
determinat
ions 1988 - 
2000 
Average E 
Coli count 
1988 - 
2000 
Average 
Total 
Coliform 
count 1988 
- 2000 
% of 
determinations 
E. Coli present 
1988 – 2000 
 
% of 
determinations 
Total 
Coliforms, 
present 1988 – 
2000 
E Coli in > 
5% of 
samples 
after 1999
Ballan Northern  21 2 230 24% 81% 1
Ballan Southern  22 3 17 27% 50% 1
Blackwood North  21 0 0 0% 5% 
Blackwood, Soda  26 62 263 12% 50% 
Bullarto 3 20 107 33% 67% 1
CSR Central 1 23 0 1 0% 17% 
CSR Central 2 20 0 0 0% 0% 
CSR Central 3 22 0 1 0% 14% 
CSR Hard Hills 23 0 4 4% 30% 
CSR Sutton 1 (RH pump) 23 0 1 9% 9% 
CSR Sutton 2 Trench 25 2 36 56% 92% 1
CSR Wagga  29 3 9 31% 59% 1
Deep Creek  27 1 27 11% 30% 1
Glenlyon  (electric pump) 6 0 7 17% 67% 1
Glenlyon  (hand pump) 4 0 15 0% 50% 
Golden  4 0 16 0% 75% 
Hendersons 4 88 120 25% 75% 
HMSR Locarno  69 1 0 41% 75% 1
HMSR Pavilion  6 1 11 67% 100% 1
HMSR Soda  29 10 166 24% 59% 
HMSR Sulphur  28 2 21 11% 46% 1
HMSR Wyuna  30 2 42 27% 73% 1
Jubilee Soda  13 0 23 8% 85% 
MS 72 ~ 300 m south of 
Gunssers 
4 5 37 50% 100% 1
Kyneton 1 Rotunda  16 1 0 19% 63% 1
Kyneton 2 Hand Pump  27 0 20 11% 63% 1
Leitches Ck Pit  21 1 4 19% 48% 1
Leitches Ck Hand Pump 13 1 7 38% 46% 1
Lithia 8 0 3 0% 50% 
Lyonville Trench,  10 0 15 0% 50% 
Lyonville Hand Pump 8 0 26 0% 25% 
Sailors Falls Hand Pump 17 2 36 12% 53% 
Sailors Falls hole  15 8 61 27% 53% 
Spargo Ck MS68 15 0 0 0% 0% 
Taradale  5 12 5 40% 80% 1
Tipperary 20 0 7 0% 45% 
Turpins Falls 5 0 76 0% 80% 
VGL Glen Luce 18 1 3 22% 61% 1
VGL Jim Paull  22 0 10 5% 50% 
VGL Lawsons 11 0 14 0% 55% 
VGL Central 8 0 0 0% 0% 
Carroll's Spring 7 0 0 0% 0% 
Woolnough’s Crossing 9 0 0 0% 11% 
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Appendix 06.05 Victorian Groundwater Major Ion Distribution 
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Goulburn-Murray Rural Water Authority 
 
 
 
WATER ACT 1989 
Sections 51, 67 and 145 
 
 GROUNDWATER LICENCE NO:  7023626 
(Licence to take and use groundwater from a bore and to operate works and to discharge groundwater 
 to Goulburn-Murray Rural Water Authority works) 
 
The Goulburn-Murray Rural Water Authority (The Authority) authorises:  
 
HEPBURN SHIRE COUNCIL 
BOX 93     
HEPBURN SPRINGS, VIC. 3461 
(The Licensee) 
 
To take and use groundwater from the bores specified in the First Schedule and to operate 
works for that purpose and subject to the authorisations in the First Schedule and conditions in 
the Second Schedule. 
        
This Licence is valid to 30 June 2016 unless surrendered or revoked prior to expiration. 
 
 
 
 
           Authorising 
Officer 
           Date: 
 
 
 
Notes: 
 
1. The Authority disclaims liability under this licence for the matters described in the 
disclaimer section of the Second Schedule. 
 
2. Words in Italics have their meanings described in the definition section of the Second 
Schedule. 
 
3. This licence should be read having regard to the definitions and interpretations sections 
of the Second Schedule. 
 
 
 
Warning 
 
Water taken under this licence is not fit for any use that may involve human 
consumption, directly or indirectly, without first being properly treated. 
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 FIRST SCHEDULE 
 
1. Licensed annual volume for each entitlement type (purpose) 
Entitlement Type Volume (ML) 
Commercial 15.0 
Total Entitlement 15.0 
 
 
 
 
Note: Volume is the maximum volume expressed in megalitres that may be taken for the 
corresponding entitlement type from the first of July to 30 June each year of this licence. 
 
 
 
 
 
 
 
 
 
2. Maximum Area to be irrigated:   hectares 
(Where all service points are metered, the area condition does not apply.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All communications should be addressed to:  Goulburn-Murray Water 
 PO Box 165 
 TATURA  VIC  3616 
 Shugg 2004, Appendix 10.01  Hepburn License 5 
 
FIRST SCHEDULE (continued) 
 
3. Description of land on which water may be used.  (This land is indicated with a red border on the attached plan). 
Volume Folio Lot No. Plan No. *Plan 
Type 
Crown Allotment Section Parish Township 
     MINERAL SPRINGS RESERVE  
T/SHIP: HEPBURN 
1 WOMBAT  
 
*Plan Types:   SUBD = Subdivision, TITL = Title Plan, CONS = Consolidation, CLSR = Cluster Plan, STRA = Strata Plan 
 
3. Authorised use from each licensed Bore: 
Bore No. Ent.Type/s DS Units Maximum Rate 
ML/d 
Maximum Daily Vol. 
ML/d 
104268 CO  0.1 0.1 
130144 CO  0.4 0.4 
3. Bore Location: 
Bore No. Works Lot No. Plan No. *Plan 
Type 
Crown Allotment Section Parish Township 
104268     MINERAL SPRINGS RESERVE 1 WOMBAT  
130144     MINERAL SPRINGS RESERVE 
(LOCARNO SPRING) 
1 WOMBAT  
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GROUNDWATER LICENCE CONDITIONS 
 
SECOND SCHEDULE 
 
1. Entitlement and Water Usage 
 
The licensee must not: 
 
a) take any water except by the method approved by the Authority; 
b) use water in excess of the volume for each entitlement type specified in the First Schedule; 
c) use a licenced bore for an entitlement type not authorised in Condition 4 of the First Schedule; 
d) waste any water taken; 
e) irrigate an aggregate area greater than that authorised in Condition 2 of the First Schedule during any 
single licensing year if the specified use includes irrigation and usage is not recorded by meter; and 
 
The licensee must: 
 
a) upon notice from the Authority, ensure that total irrigation usage from the sources that form the Total 
Available Water Entitlement, does not exceed the Maximum Water Use Limit; 
b) when required by the Authority, keep an accurate record of the volume of water taken under this licence 
and allow the Authority to inspect this record at all reasonable times and to provide a copy of the record 
upon request; 
c) when required by the Authority provide a description of the area to be irrigated during any period; and 
d) when required by the Authority give notice of the intention to take water. 
 
The Authority may from time to time authorise the taking of water to a greater extent than that specified in the 
First Schedule subject to the payment by the licensee of such further fee if any and in accordance with such 
conditions as the Authority specifies. 
 
2. Land and Development 
 
The licensee must not: 
 
a) unless authorised to dispose of water off-site, use water on or supply water to any land other than the 
licenced land without the prior written consent of the Authority; and 
b) except with the prior written consent of the Authority and in accordance with its irrigation development 
guidelines, develop any part of the licenced land for the purposes of irrigation in addition to the land so 
developed for the purposes of irrigation at the date of issue of this licence. 
 
The licensee must: 
 
a) only use water on such part of the licenced land as has been developed for irrigation purposes as at the 
date of issue of this licence; 
b) provide written advice to the Authority within one month of the sale or loss of occupancy rights or 
change of title description, of the licenced land, or any portion thereof, described in the First Schedule; 
c) where non-contiguous parcels of land are described in Conditions 3 & 5 of the First Schedule, hold 
access or occupancy rights to the interconnecting land that enable the location, operation and 
maintenance of works for the purpose of moving water between such lands; and 
d) at all times during the term of this licence, unless otherwise approved by the Authority, own or have 
occupancy rights to the licenced land. 
 
3. Works 
 
3.1 The licensee must not install any works without the prior written consent of the Authority. 
 
3.2 The licensee must: 
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a) in the opinion of the Authority, maintain in efficient working order all works used by the licensee in 
connection with this licence; 
b) install and maintain a water level monitoring and measurement device in the licenced bore as specified 
by the Authority, unless exempted in writing by the Authority; 
c) provide access to the licenced bore and works for the purpose of obtaining water level measurements 
and water samples; 
d) permit the Authority, at all reasonable times at the licensee’s cost and expense, to operate the works for 
the purpose of conducting aquifer tests; 
e) upon request, provide the Authority with samples of water pumped from the bore for water quality 
testing or the results of water quality tests.  The licensee must, if requested, pay the Authority’s cost of 
obtaining and testing water samples; and 
f) upon revocation or cancellation of this licence if so directed by the Authority, remove the extraction 
works from any bore described under this licence and cap the bore in the manner specified by the 
Authority. 
 
4. Metering 
 
The licensee must not: 
 
a) where a meter is installed, take any water except through that meter; and 
b) without the prior written consent of the Authority, interfere with, disconnect, or remove any meter that 
has been installed for the purposes of this licence. 
 
The licensee must: 
 
a) use an approved meter for the purpose of this licence unless exempted in writing by the Authority; 
b) for the purpose of reading, calibration or maintenance, provide the Authority access to any meter used 
to measure or indicate the volume of water taken; and 
c) when required by the Authority, provide meter readings from any works associated with the licenced 
bore in the manner and at the time requested. 
 
Meters used for the purpose of this licence, along with all fittings, shall be installed by or under the supervision 
of the Authority. The licensee must pay or reimburse the Authority's reasonable cost of a meter and its 
installation unless otherwise exempted by the Authority.  Where the licensee is authorised to purchase and/or 
install a meter and associated fittings, such purchase is deemed to be on behalf of the Authority, with ownership 
of the meter and associated fittings being transferred to the Authority. 
 
Meters used for the purpose of this licence are deemed to be the property of the Authority. 
 
Where a meter is used for the purpose this licence and it ceases to function or operate properly, the licensee shall 
notify the Authority within five business days. 
 
When the taking of water is not measured by a meter, or when in the opinion of the Authority the taking of water 
has not been accurately measured by the meter used, the quantity of water deemed to have been taken shall be 
assessed pursuant to any by-law from time to time adopted by the Authority relating to deemed depth of 
watering over land irrigated. 
 
5. Restrictions 
 
5.1 In accordance with a Groundwater Management Plan or when in the opinion of the Authority the use or 
disposal of water under this licence may injure or adversely affect any other person or an aquifer or the 
environment, the Authority may give notice to the licensee to: 
 
a) reduce the quantity of water taken during any period; or 
b) cease taking water entirely or during any period. 
 
6. Notices 
 
Where this licence provides for a notice to be given to a person or party then, unless the licence provides 
otherwise, the notice must be in writing and may be given: 
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a) by delivering it personally to the person to whom it is given; 
b) by pre-paid post address, to the person to whom it is to be given and if that person is the licensee, at the 
address last advised by the licensee to the Authority; 
c) by facsimile to the facsimile number of the addressee; or 
d) by any other method of electronic communication. 
 
Notwithstanding clause 6.1 a notice may be given by the Authority to the licensee by: 
 
a) publishing the notice in the newspaper circulating generally within the district where the bore specified 
in the licence is located or broadcast from a radio broadcasting station in the State; or 
b) in the case of an emergency, given verbally by an officer of the Authority. 
 
A notice or other communication is deemed served: 
 
a) if delivered, upon delivery; 
b) if posted, on the expiration of two business days after the day of posting; 
c) if sent by facsimile prior to 5 pm on a business day – that day; 
d) if sent by facsimile after 5 pm – at 9 am on the next business day at the place where it is received; 
e) if sent by any other method of electronic service or communication – at the time the notice or 
communication is transmitted to the person concerned; 
f) if published in a newspaper – upon the day of publication of that newspaper; 
g) if broadcast from a radio broadcasting station – at the time or times the broadcast is made; or 
h) if given verbally - the time the communication is made. 
 
The licensee shall notify the Authority of any change of the licensee’s address within one month of such change. 
 
7. Environment 
 
The licensee must not: 
 
a) carryout any activity relating to the installation, operation or maintenance of works that may, in the 
opinion of the Authority, adversely impact the environment; and 
b) not pollute any water or the environment through the spillage of fuel or lubricant or any gaseous, liquid 
or solid matter used in connection with works and appliances associated with this licence.  
c) without the prior written consent of the Authority, cause or permit any water taken or used to flow 
either directly or indirectly from the licenced land or discharge into a waterway. 
 
The licensee must: 
 
a) install or modify and maintain to the satisfaction of the Authority the works so as to contain within the 
site all fuels, lubricants, chemicals and any other potentially toxic matter stored or used in connection 
with the site or the works; 
b) operate and maintain the works in accordance with any environmental guidelines adopted by the 
Authority; 
c) remedy any damage that in the opinion of the Authority has occurred to the environment associated 
with the installation, operation or maintenance of the works; and 
d) decommission any bore if in the opinion of the Authority the bore is no longer serviceable or is likely 
to adversely affect an aquifer or the environment. Such decommissioning must be carried out under 
licence and to the satisfaction of the Authority. 
 
 
 
 
 
8. General 
 
The licensee must: 
 
a) pay all duly levied charges by the date set by the Authority; and 
b) upon request provide the Authority with all reasonable information pertaining to use of this licence, 
including           participation in surveys conducted by the Authority. 
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The Authority reserves to itself all intellectual property rights in respect to all data obtained or collected in 
association with the operation of the licence or works. 
 
11.1 If any provision of this licence is either held void or unenforceable by a Court or Tribunal, then to the 
extent possible at law that provision shall be struck out and the balance of this licence shall continue to 
apply. 
 
11.2 No consent or waiver by the Authority of any breach by the licensee of this licence shall amount to a 
waiver by the Authority of its rights arising from this licence. 
 
 9. Groundwater Management Plan 
 
9.1 Amendment of Licence 
 
The Authority may in accordance with the Act, amend this licence (including reducing the licenced annual volume) 
to the extent necessary to ensure compliance with the relevant Groundwater Management Plan. 
 
10. Disclaimer 
 
10.1 Water taken under this licence is not fit for any use that may involve human consumption, directly or 
indirectly, without first being properly treated. 
 
10.2 The Authority does not guarantee, for the purpose of this licence, any specific quantity or quality of water 
available and is not liable for any loss or damage suffered by the licensee as a result of the quantity of 
water being insufficient or the quality of the water being unsuitable for use by the licensee at any particular 
time. 
 
10.3 The licensee fully releases and discharges the Authority from and against all actions, proceedings, 
claims, demands, costs and expenses whatsoever, which the licensee has or at any future time may have 
or may bring, or, but for this licence might have had or bought against this Authority arising from or 
concerning: 
a) The licensee being unable to obtain the licenced annual volume (of any entitlement type) whether 
because of: 
(i) restrictions, reductions, or prohibitions imposed by the Authority in accordance 
with this licence; 
(ii) the application of any Groundwater Management Plans; or 
(iii) the operation or provisions of condition 10.2. 
a) the revocation of this licence in accordance with the Act or any Groundwater Management Plan; or 
b) any Native Title claim concerning the issue of the licence or any of its conditions. 
 
The licensee indemnifies the Authority in respect to any claim, action, demand or suit bought by a Native Title 
claimant as the result of or in connection with the issue by the Authority of this licence. 
 
11. Definitions 
 
In this licence unless the context otherwise indicates: 
 
a) Words and phrases used in this licence that are defined in the Act have the same meaning as given to 
them in the Act; and 
b) The following terms and phrases have the following meanings; 
 
bore in addition to the definition in the Water Act 1989, includes any group or cluster of individual bores linked 
by a common header line to a single pumping unit and includes all fittings, seals, casings, screens, 
pipelines and other materials including header lines that comprise the structure of the bore. 
efficient working order means in a state of repair and maintenance to ensure operation within normal limits of 
the works, without leakage of water or lubricants or any other gaseous, liquid or solid matter. 
entitlement type means the purpose described in Condition 1 of the First Schedule for which water may be used. 
environment means the physical factors of the surroundings of human beings including the land, waters, 
atmosphere, climate, sound, odours, tastes, the biological factors of animals and plants and the social 
factor of aesthetics. 
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groundwater management plan means a plan approved by the Minister that prescribes the management of 
groundwater for a Groundwater Supply Protection Area. 
irrigation development guidelines means the Irrigation Development Guidelines from time to time adopted by 
the Authority. 
licenced land means the land described in Condition 3 of the First Schedule. 
Maximum Water Use Limit means the maximum volume of water, that the licensee may use for irrigation 
purposes on the licenced land as determined using the Authority’s TWE Salinity Guidelines. 
Meter includes any appliance used directly or indirectly to measure or indicate the flow or volume of water 
taken from the bore. 
Native Title claim means a claim made under the Native Title Act 1993 (CTH) and Native Title claimant means 
a person who is a registered Native Title claimant under the Act. 
salt disposal allocation means the volume allocated by the Authority that maybe discharged from the licenced 
land to the approved point of disposal. 
waste means any leakage, spillage, or use of water that in the opinion of the Authority, is not efficient, or not 
compatible with the intended use of the licence. 
total available water entitlement means the total of entitlements to take water for irrigation purposes, including 
Water Right plus Sales, Drainage Diversion Agreement, Diversion Licence, Groundwater Licence and 
any other source of water the Authority considers constitutes an irrigation entitlement. 
works includes all machinery, earthworks, pipelines, pumps and associated fittings used in conjunction with the 
taking and use of water, but otherwise do not include things defined as works in the Act. 
 
Unless the context indicates otherwise, the words in italics are to have the meaning given in this section of the 
licence. 
 
12. Interpretations 
 
12.1 The singular includes the plural and vice versa. 
 
12.2 The index and headings are included for ease of reference and do not alter the interpretation of this 
licence. 
 
12.3 Any date specified under this licence falling on a Saturday, Sunday or holiday under the Public 
Holidays Act 1993 for the whole day, is considered to be the first day following the Saturday, Sunday 
or public holiday. 
 
12.4 A reference to a statute shall include any statutes amending, consolidating or replacing same and shall 
also include any regulations made under such statutes as those regulations are enforced from time to 
time. 
 
12.5 If a licensee consists more than one person, this licence binds them jointly and each of them severally. 
APPENDIX 10.02  Monitoring Recommendations for the 
Mineral Springs Area 
 
The DSE and the Minister for Water Resources are responsible for the mineral spring reserve 
and the overview of mineral water management in the State.  There are a number of 
monitoring programs that are presently being undertaken in the mineral springs area by or on 
behalf of the responsible authorities.  Water quality monitoring is conducted on behalf of the 
management authorities.  For a number of years the VMWC has engaged the Water-Materials 
and Environmental Science Branch now Water EcoScience to sample and monitor major and 
minor ion water quality parameters of the mineral springs and bottling waters.  The VMWC 
conducts routine bacterial monitoring of the principal mineral springs (ref. summary statistics 
in Appendix 06.04).  These monitoring programs now form an integral part of the 
management of the spring reserves. 
 
Water levels, flow and mineral spring water quality are monitored in Hepburn Mineral Spring 
Reserve using data loggers in a program established by the VMWC.  The Government 
Services Contracts (GSC) for observation bore water level monitoring is carried out in 
Hepburn, Central and Lithia spring reserves.  This activity was undertaken by the Geological 
Survey during the period 1977-1988 and is now carried out in a reduced form by contract to 
DSE.  It is imperative that this monitoring continues for sustainability purposes.  Though it 
may be considered as an integral and required component of mineral spring catchment 
management, it also provides base line information on the deep and shallow behaviour of 
groundwater flow in the bedrock of Central Victoria.  It is an imperative because of the 
mineral water extractions required for bath houses and hydrotherapy units and the proposals 
for the development of mineral water extraction in the reserves.  
 
Students from Schools and Universities have been involved in data collection in the mineral 
spring area.  Central Highlands Water has an important role as the regional Water Watch 
coordinator.  Daylesford schools have participated in the program Water Watch program, in 
relation to a mineral spring monitoring program and stream water quality monitoring in 
mineral spring catchments.  These are very important functions as the bacterial monitoring of 
spring water illustrates surface waters can mix with and contaminate individual springs.  
 
The following suggestions have been distilled from the monitoring program suggested in 
Shugg (1996).   
 
1 Existing Monitoring Bores  
 
· Maintain a bore monitoring network in the key reserves; Hepburn, Central and Lithia 
Springs Reserve (ref Appendix 04.05). 
 
· Maintain water level monitoring of the regional upper catchment bores Wombat 63 
and 69. 
 
. Monitoring of the data loggers in Hepburn Reserve (Appendix 04.06) should continue 
at least to some time after the completion of the new bath House.  
 
2 Rain water quality and mass loading  
 
A sampling program is necessary for a more detailed hydrological assessment and mass 
balance of water soluble species in the mineral spring catchments. 
· Sampling station/s at the southern catchment margin, perhaps utilising the Stewart 
Creek study area.  Analyses should include major cations and anions.  Bulk 
precipitation should be recorded. 
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· Sampling should be designed to eliminate storm based variation.  Some historic data 
may be obtained from government archives. 
 
3 Hydrogeological Surveying in the Spring Reserves 
 
3.1 Hepburn Mineral Spring Reserve 
 
The following have been identified as requiring regular monitoring and review: 
 
3.1.1 Spring monitoring 
 
The discharge from the mineral springs in the HMSR is complicated by a network of pipes 
running between the springs and changes in plumbing.     
After dewatering of the reserve stopped in 1914 mineral water from the Wyuna1 spring was 
piped down the reserve.  The pipe line provided water to the Pavilion Spring, the bottling 
plant cellar and the bath house.  The details of the plumbing are not recorded and quite 
uncertain (see Skeats, 1914). 
 
Outflow from Pavilion Spring and mineral water pumped from the bore at the western side of 
the reserve Wombat 15031 now supply the requirements for the mineral water bath house 
operated in the reserve.  It is suggested that monitoring should focus on the discharge from 
spring eyes and outlets at the following springs: Locarno, Pavilion and the emergency bore 
(Wombat 15031).  Monitoring is a condition of the extraction from Wombat 15031 and a 
requirement of the Committee of Management, the program is carried out on behalf of the 
VMWC by Theiss Environmental. 
   
 · chemistry, biology, 
 · discharge rate, 
 · temperature 
 
3.1.2 Surface streams  
 
Several streams flow through the mineral spring reserve.  The junction of Spring Creek and 
Welshmans Creek occurs just below Pavilion Spring.  The most important stream in the 
reserve is Welshmans Creek.  In the lower part of the reserve Welshmans Creek is perennial, 
above Wyuna spring pooling is evident in the bed of the creek in dry periods.  Little data is 
recorded on the hydrology of the creeks that flow through the reserve. 
 · establish small weirs on the streams, 
 · monitor base flow, 
 · monitor water quality, 
 · temperature 
The data logger information collected in Welshmans Gully has been instrumental in enabling 
estimates of mineral water contributions to base flow to be made.  Spring restoration works 
have forced the abandonment of the flow recording at this site.  Theiss Environmental house 
the data, and it is archived on CD’s accompanying this manuscript.  It is recommended that 
the flow monitoring station be restabilised below Locarno Spring. 
 
3.1.3 Groundwater  
 · mineral springs bore levels  
 · chemistry 
                                                     
    1  Wyuna spring recommenced flowing in 1914.  It became known as the "New Domed Eye" or the "New Spring".  
However, the term new spring  was not an exclusive term. 
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 · temperature 
 
The frequency for standing water levels in the bores, spring flow and stream flow should be at 
least bimonthly to get the seasonal peaks and troughs. 
 
3.2 Central Springs – Sutton Springs Reserve 
 
The Central Springs Reserve includes Sutton, Wagga and Hard Hills (Central) mineral 
springs;  it also includes the undeveloped Boiling Springs (alias Leggatt’s Mineral Springs 
MS 39 & 40).  The CSR has been the location of proposed mineral water developments, and 
the reserve has a management plan.   
 
The future viability of mineral water development in the CSR is reliant on good monitoring 
data.  In particular data should be collected from the Table Hill bores, hitherto ignored due to 
the field of blackberries. 
 
3.2.1 Spring monitoring 
 
The Hard Hills, Wagga and Sutton have trench springs that are free flowing and records of 
flow should be collected.  Flow measurements have been maintained by SKM for DSE at 
these springs so several years of data now exists for these trench springs.  The monitoring of 
the following parameters will provide information on the mixing characteristics of these 
springs and the influence of the regulation of the water levels of Wombat Creek. 
 
 · chemistry, biology 
 · discharge rate  
 · temperature 
 
3.2.2 Surface streams  
 
A little specific data exists, base information should be collected.  Below Daylesford Lake 
monitoring to concentrate on: base flow discharge rates, chemistry and temperature.  The 
collection of control data as concentrations in the creek is important in the assessment of 
bacterial contamination of the mineral waters.  
 
4 Eastern Daylesford 
 
East of Daylesford near crest of the Dividing Range the Quaternary basalt aquifer outcrops.  It 
is important that a monitoring bore be maintained in this area to assess recharge to the aquifer 
systems , it is suggested that Wombat 63 and 69 be maintained as a monitoring bores.  In 
view of the new emergency supply bores constructed at Coomoora for Daylesford it is 
important to maintain readings from these bores.  They form part of the State Observation 
Bore Network and are read at regular intervals.  
 
5 General Balneology of the Mineral Springs Area 
 
Several tasks identified are being carried out by the DSE or on its behalf.  These activities 
clearly defined within the statutory role of DSE and the VMWC.  
 
DSE should review the mineral spring inventory and examine the possibility of enlarging 
reserves, national estate listing and protecting springs located on alienated land.  Springs on 
tourist routes, such as Corinella, Tylden, Gilmores, Gooches, Yandoit be considered for 
further development with bores, hand pumps and picnic reserves. 
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6 Data Compilation Needs; Search for Historical data. 
 
This is an ongoing function carried out largely by the VMWC, regional and other DSE staff 
and the committees of management for the reserves, it should include; 
 
·  Historical data on flow rates, temperature and chemistry of the springs; 
·  Plumbing of the springs; 
·  Mapping of mining artefacts and relics such as shafts, water races and auriferous 
arsenopyrite and pyrite roasting works in the Hepburn and the Central Springs 
Catchments; 
·  Details of historical mineral water diversions; 
·  Records of diversions for bath houses and the therapy units for use in developing 
reserve management practices; 
·  Diversions for bottling plants and gas (CO2) collection; 
·  Record the positions of minor mineral water seepage and outlets in the reserves; and, 
·  Evaluate the surplus mineral water discharge to creeks. 
 
A database consisting of spring positions and status is appended (Appendix 02.02), in 
addition a database consisting of water analyses from the springs has several generations: 
Rulikowska (1961, 1969), Esplan (1969),  Laing (1981), MSAC (Bannister, 1992) and 
VMWC (WaterEcoscience, 2003).  
 
The VMWC and DSE have continued to collect data on spring flow, status, and  water 
quality.  In recent times a program has focussed on the Hepburn Springs and on bacterial 
analyses from a wide number of springs after rainfall events.  Bacterial analyses are 
conducted by Central Highlands Water 
 
Data on spring water temperature and flow is generally inadequate.  For instance in 
Rulikowska (1961 and 1969) many of the undated flow readings were actually recorded 60 
years previously around 1905 - 1906 by either Ferguson or Baragwanath of the Geological 
Survey.  Later flow readings collected by the author illustrate the wide seasonal variation in 
flow and therefore highlight the paucity of record.  Perhaps examination of some of the spring 
mounds may provide an insight into the ancient flow behaviour of the springs.  
 
7 Background Radiometric Data 
 
A data control should be chosen for the radiometric studies of the mineral waters, it has been 
the practice in the past to examine the radioactivity of the mineral waters in geochemical 
isolation.  In particular a reference groundwater sampling site in the Ordovician black shale in 
the region is suggested.  Mine waters from Castlemaine, Maldon, Bendigo and Ballarat may 
be used or re-sampled to provide a stratigraphic and geochemically sensitive controls in future 
investigations.  
 
8 Rock Analyses  
 
The Daylesford region is in the middle of a Lower Ordovician metallogenic province.  The 
rocks in this area may carry a varied suite of elements; the black shales have high 
concentrations of precious metals, sulphides and phosphate mineral assemblages.  Very low 
grade uranium mineralisation accompanies some of the black shales.   
 
Rock analyses from fresh rock samples from the diamond drill holes have been carried out by 
the mineral explorers – Range River Gold on the Ajax line of workings.  These analyses 
illustrate the carbonate and organic carbon abundance in the rocks.   
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Whole rock analyses, should include carbonate, chloride and,  
  Al2O3, CaO, total Fe as Fe2O3, K2O, MgO, MnO,  
  Na2O, P2O5, SiO2, TiO2, LOI, C, S, Cl 
minor elements 
  As, Bi, Mo, Sb, Se, Th, U, Ra, Cs, Rb 
  Ag, Cu, Li, Pb, V, Zn, Hg, Au 
 
Much data of this type exists in reports and archival material in the various DSE/DPI (Mines 
Department) libraries and confidential mineral resources exploration lease file systems.  Some 
of the company exploration data would require special access, or due to the confidentiality 
requirements of the Mineral Resources legislation, but this is an important source of data on 
the dependant mineralogy the influences the chemistry of the bedrock groundwaters.  Much 
of the data has been has been extracted by large companies who had privilege of access due to 
the extensive tenement coverage.  More of this data may become accessible due to mineral 
development initiatives, and this would greatly facilitate the science of the bedrock waters.  It 
would also provide useful information to the mineral industry as prediction of mine water 
chemistry might be undertaken on a more reliable manner. 
 
9 Other Work Programs 
 
9.1 Mapping  
 
The preparation of a Balneological or risk assessment map of the principal mineral spring 
catchments suitable for formulating mineral spring catchment management and the 
development of protection strategies has been conducted in a consultancy for DSE (SKM, 
1996).  Maps should show the geology, geological structure, spring locations, 
hydrogeological data, mining relic locations (being conducted by John Lewis and David 
Endacott at the Daylesford Museum), bore locations.  The map or series of maps of the 
principal spring catchments is required for the systematic management and protection of the 
Mineral Springs. 
 
Source data  
 Key Geological Survey maps 
 Parish maps of Bullarto etc. by Baragwanath, Ferguson, Thomas, Foster, 
Ulrich, Kruise, et al. 
 1/4 sheets by Taylor 16SE and Hunter 16NE 
 Whitelaw and Baragwanath (1923) Daylesford Goldfield Map 
 Victorian Mineral Spring map (Geological Survey, circa 1912). 
 
9.2 Drilling proposals 
 
Deep and shallow drilling programs are suggested.  To date only shallow drilling, less than 
100 m, has been carried out in the spring or discharge zones.   
 
Deep drilling has been carried out by Range River Gold on the Ajax line of workings to more 
than 500 m.  Several of these bores are apparently still open.  RRG had funds permitting 
intended to move over the bores and deepen them.  These bores offer not only access to deep 
circulating waters and a means of testing the deep hydraulics, but also an opportunity to 
examine the geothermal gradient.  The waters at this depth would probably only be tepid, but 
temperature profiling should be carried out to confirm the gradients and the potential for deep 
geothermal bores. 
 
From the commercial view point it should assist in determining sustainable extraction rates 
and safe guard against the depletion of flow. 
